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PREFACE 


OF 

THE EDITOll. 


In presenting to the Public a new and enlarged edi¬ 
tion of FergusonV Astronomy, the Editor has been 

1 

particularly solicitous to collect all the discoveries in 
the science which have been made during the last 
thirty years, and to present them in a simple and un¬ 
assuming form suited to the popular nature of the 
original work. These discoveries, which are contain¬ 
ed in Twelve supplementary Chapters, relate chiefly 
to the physical constitution of the Old and New 
Planets of the Solar System, and to the various and 
wonderful phenomena which are displayed in the re¬ 
gion of fhe Fixed Stars. 

In accomplishing this task, the Editor can claim no 
other merit but that of having brought together a 

a 3 
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number of curious facts, which had not hitherto been 
collected, and many of which have never appeared in 
any English work. In this new edition, various addi¬ 
tions and improvements have beei^ made, and an addi¬ 
tional Chapter has been added on Practical Astro¬ 
nomy. 

Edinburgh, February 1, 1821. 
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('HAP t. 

OK A^TliOXOMY IX CEXERAt.. 

^ Ok all the scii'iu*ci cultivated by tnankind, astro- fhenenenl 
tioiu\ is arkiKinled^cd to be, and undoubtedly is uwofArtio* 
tlu‘ luost siibliuus the most interesting, and the most 
Useful; flir, by knowledge derived from this science, not on¬ 
ly the bulk of the earth is discovered, the situation and ex¬ 
tent of the rountricH and kingiionls U()on it ascertained, trade 
and i*ommerce carried on to the remotest parts of the world, and 
the various products of several countries distributed for the 
health, comfort, and coiiveniency of its inhabitants; but our 
V ery faculties are enlarged with the grandeur of the ideas it 
ccWveys, our minds exalted above the low contracted prejudices 
of the vulgar, and our understandings clearly convinced, and 
afiected with the conviction, of the existence, wisdom, power, 
giNidness, immutability, and superintendency of tlie Supreme 
Doing! Sb that, without an hyjierbole, 

*' An nndevoat astronomu ik mad.”! 

2. From this branch of knowledge we also Icam by wbat 
means or laws the Almighty conics on, and continues, the won- 

* Dr. Yoang’i Thoughu. 
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dcrful ]iani^|)|jD',, urilor, and I'oimi'xiiui ohiten'ahle thruuj^lii»ut 
th^pIancWfy KUrhU'iu; and arc led by mtv ar/riniieiils 

to ibnn this pleasuig doductioii, tliat minds ca])a1}le of sucli dee]i 
resc'archcs, not only derive their origin iruin that Adorable lle- 
ing, but are oImu incited to aspire after a more |x>rfi'Ct kiiou> 
Icdgc of liU nature, and a stricter conforpiity to Ins will. 

ThcEaitlibut wc discoM-r Uiat the Earth is at 

apointaN»ccii so great a distance from the Son, that II* seen from 
tronitheSuii. \u>uld a|)j)ear no blggii than a jioint ; al¬ 
though its(mninifercnce is known to be miles. >et lh.U 

dl.staiu‘e is So Miioil, comjure<] with the Earth's distance fioiu tin 
tixixl stars, that if the orbit in wliUli the D.irtli mo\i > romid 
the Sun >^ere solid, and Aren from tiu- luarcst star. It would iike- 
nUe appi'ar no bigger tliaii a ])<iiiit, alt!um!>ii It is at hast Ki'Z 
myiioiis of miles in diameter; for tile llarth m goMig lonnd 
the Sun is 10^2 millions of imies iieanr to somi oi liu stai 
at one time of the \ear tiian at another; and \it tlie'r apjia- 
rent magnitudes, situations, and distances, from oiu anotlui 
still remain tlie »ame ; and a telescoix whicli mngmlit s ,ibo\( 
S200 limes does not scieibly inagiiily*'them vihult orfne* 
them to be at least 100,UOO times farther fimn us than we ai« 
from the Sun. 

4. It is not to be imngliUHi tbatjtall the stars are placed le 

one conta\e surface, w as to lx* tfpiaily distant from es; but 
that they are plnecd at immen>e distniues from one anotbei 
ThektuiiftK through unbmited space so that there ma> he a- 
wn*. great a distance lx tween any tvfoiKiglibouiing stars, 

as Ix^tw'cen our Sun and those vcliich areixaurest to hmi. 'i'hert* 
fore an ob.ser\er, who is nearest any fixed star, will look n|M>n 
it alone aii a real sun ; and consider tlieresL a.s .so many shining 
points, placed at equal distances from liim in tlie finnaiiient. 

5. By Uie help of telescopes w e discover tlioii.sands of star> 
wrhich arc invisible to the bare eye; and the Ixtter our glasses 
are, still tiie more become t isible: so that we can set no limits 
and innume- c'itlier to tlieif number or their distances. •The ccle- 
wblc. braU'd Huygens carritHl hi.s thoughts so far, as to 
Ix'lieve it not unjio^^sible that there may be stars at such incon¬ 
ceivable distances, that tlieir light has not yet reached the earth 
since its creation; although the vclodty of light be a million of 
times greater than the velocity of a cannon bullet, as dudl be 
aUboionstfatcd allerwards, § ^197, ^216: and, as Mr. Addison 
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very ju^Iy observeii, Uiis thought is far from hi^ ntrava- 
gant, when we consider that the universe is llie WQi^ of iofi* 
iiite power, prompted by infinite goodness; having an infinite 
space to exert itself in; so that our imaginations can set no 
boumK to it. 

G. The Sun appears very bright and large in com- ^ the Sun 
parison of the fixed stars, because wc keep con- appem Ug. 
sUintly near the Sun, in comparison t)f our immense ** 

distance from tlie stars. For, a s])cctator placed as 
near to any star as wc are to tlie Sun, would see that star a 
iNxly as large and bright as the Sun appears to us: and a spec¬ 
tator. as fur distant from the Sun as we are from the stars, 
viuild st'e tlu' Sun as small as wt see a star, divested of all its 
circunnoh iiii> jilanets; imd l^uuld reckon it one of the stars in 
’iuniihinn<< thini 

7. 'I'he st.ir-lK*ing at such immense distjmccB from T«i,esta«*te 
the '^uu. Ciumoi (x)ssibly reccise from him so strong notodighMo- 
a light as they seem to have; nor any brightness *^VytheSiin. 
^ufilciLiU to inuko tli^pi \isible to us. For the Sun's rays must 
Ik* so scattercil and dissipateil before they reach sudi remote 
obji'cts, that they can ntwer be transmitted back to our eyes, 
so as to render tliesc objects \ i^ble by reflection. The stars 
therefore sliinc with their own native and unborrowed lustre, 
as the Sun (ha's ; and since each particular star, as well as the 
.^iin, is confined to ajiarticuiar jxirtiun of sjiace, it is plain that 
the Stars are of the same nature with the Sun. 

8. It IS novii.se proliuble that the Almighty, who always acts 
with infinite wisdom, and docs nothing in vain, should create so 
mail} glorious suns, fit for so many important purposes, and 
place them at such distances from one another, without proper ob- 
ybets near enough to be benefited by their influences. 

Whoever ima^ncs they were created only to ^ve a tuT 

faint glimmering light to the inhabitants of this globe, ^ 

must have a very supcrfidal knowledge of astrono¬ 
my, and a mean opinion of the Divine igisdom: since, by an* 
infinitely less exertion of creating power, the Deity would have 
given our earth much more light by mie single additional moon. 

9. Instead then of one Sun and one world only in the uiu- 
versc, as the unskilful in' astronomy imapne, that science dis¬ 
covers to us such an inconceivable number or suns, systems, 
and worlds, dispersed through boundkes space, that if our Sun, 
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widi dl the jiibuiets, mootis, and comets, belon^ng to it, were 
annihUated, diey would be no more missed, by an eye that 
could take in the whole creation, than a grain of sand from 
the sea-shove; the (qsacc they possess being co\iipumtive1y stv 
small, that it would scarce be a sensible blank in the universe, 
although Saturn, the outermost of our planets, revohes nlwut 
the Sun in an orbit of 4,881> millicms of miles in circuniierence, 
and ^me of our comets make excursions upwards of ten thnn - 
sand millions of miles beyond Saturn's orbit; and vet, at that 
amazing distance, they are mcomparably nearer to the miii than 
to any of the stars; as is evident from their keeping clear of the 
attractiTe power of all the stars, and returning |H'riodK‘ulK hy 
virtue of the Sun’s attraction. 

The what we know of our own system, if 

]^iieti maj may be reasonably concluded that all the re^^ are 
be lubiuble, wisdom contrived, sitiiatetl, and providwl, 

with accommodations fur rational inhabitants. Let us iherefoie 
take a sunrey of the system to which wc Ixdong; tlu* oiiIn one 
aocesmble to us; and from thence wc sh(ill lie tire better en¬ 
abled to Judge of the nature and end of the other systems of 
the universe. For altliough tlierc is almost an Ifnfinite variety 
in the parts of the creation, which we have opportunities of exa¬ 
mining, yet there is a general analogy running through and con¬ 
necting aU the parts into one scheme, one design, one whole ! 

11. And then, to an attentive observer, it will apfKvir highly 
probable, tliat the planets of our system, togetlier with their at- 
si our Mlsr tendants called satellites or muons, are much of tla* 
P*"®*** same nature with our Earth, and destined for the 
like purposes; for they are sdid opaqueglol)cs, capable of sup¬ 
porting animals and vegetables. Some of them are bigger, 
some less, and some much about the size of our etuili. Tiiey 
ail dreulate round the Sun, as the Earth docs, in a shorter or 
longer time, accordii^ to their respective distances from him; 
and have, where it would iKit be inconvenient, r^lar returns 
of sennmer and wintei* spring and autumn. They hai'e warm¬ 
er and. colder clunates, as \he various jnoductions of our earth 
require: and, in such as afford a possibility of discovering it, 
we observe a regular motion round their axes Hke that of our 
causmg an altetnate return of day and night; which is 
■bessory for lalibur, rest, and vegetation, and that all parts of 
d|«r surfaces may be exposed to the rays of the Sun. 
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19. Such of the planets as arc farthest from the t^xibm 
Sun, and therefore enjoy le^t of his light, have that ftom theSuv 
. deficiency made up by several moons, which con- 
stantly accompany and revolve about them, as our listen dieir 
moon revolves about the earth. The remotest pla- 
ret has, over and above, a broad ring encompassing it; which 
like a lucid zone in thb heavens reflects the sun's light very co¬ 
piously rm that planet: so that if die remoter planets have the 
Sun's liglit fainter by day than we, they have an addition made 
to it morning and evening by one or more of their moons,'and 
a gre*il(>r quantity of light in the niglit-tim'c. 

1{5. On the surface of the Aloon, because it is near- 
cr to us than any other of the celestial bodies are, we mountainous 
discover a nearer resemblance of our Earth; for, by 
tile assistance of telescopes, we observe tlie moon to be full of 
high inoiuitains, large valleys, and deep cavities. These simila¬ 
rities lea\e us no riNini to doubt, but that all the planets and 
moons in the system are designed os commodious habitations 
f'or creatures endowed with capacities of knowing and adoring 
their beneficent creator. ‘ * 

14. Since the fixed stars arc prodigious spheres of fire, like 
our Sun, and at inconceivable distances from one another, as 
well as from us, it is reasonable to conclude they are made for 
the same puqxises that the Sun is; each to bestow light, heat, 
and vegetation, on a certain number of inhabited planets, kept 
bv graiitation within the sphere of its activity. 

15. What an august, what an amazing concep- Numberim 
tioh, if human imagination can conceive it, does siuis and 
this give of the works of the Creator ! Thousands 

|>f thousands of suns, multiplied without end, and ranged all 
Around us, at immense distances from each other, attended by ten 
thousand timeli ten thousand worlds, all in rapid motion,yet ^m, 
i^gular, and harmonious, invariably keejung the paths prescribed 
them ; and these worlds peopled with myriads of intelligent be¬ 
ings, formed for endless progression in perfection and felicity! 

16. If so much power, wisdom, goodness, and magnificence 

is displayed in the material creadon, which is the least conrider- 
nblc part of the universe, how great, how wise, how good mus^ 
Hk ^7 who mode and governs the whole! * 
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Plate!. Sun, with tlie plai)et.s and comets which 

Fig. 1. move round him as their centre, constitute the solar 
The SoUr system. Those planets which are near the Sun not 
only finish their circuits soonef, but likewiM* move 
faster in their r^petitM^^ orbits, than those whidi are more re¬ 
mote from him. Their motions are allP|)erfonned Ihun west to 
east, in mbits nearly circular. Their names, distance^, bulks 
and periodical revolutions, are as follow: 

Th* SniL immense ghda* of fire, i^ placed ‘ 

near the commonc^>ntrc, or rather in the lower Ak’us,* 
of the orbits of all tlie planets and comets and turns round his 
axis in S5 days 6 hours, as is evident by the motion of sjxrts 
seen on his surface. His diameter is computed to lx* 703,000 
miles; and, by the various attractions of the circunivolving 
{^ets, he is agitated by a small motion round the centre of 
gravity of the system. All the planets, as seen from him, iiuivc 
the same way, and according to the order of signs in the gra¬ 
duated circle T b n os, &c. which represents the great ecli}i- 
tic in the havens: but, as seen from any one planet, tlie rest 
appear sometimes to go backward, sometimes forward, and some¬ 
times to stand still; not in circles nor ellipses, but^ in looped 

1 If a tibread be tied loosdy mund two pins stuck in a table, and moderately 
itictcfaed by tbe point of a black-lead pencil canied round by an even motion and 
li^t presBUK of the hand, an oval or ellipsis will be described; die two points where 
the pins are fixed bcii^ odled the foci or focuses thereof. The orbits of all th 
planeia are eOipdcBl, and tbe Sun is placed in or near to one o^the fbd of each of 
them; and dist in whidi he is placed is called the lower fiicus. 

9 Astronomers are not far him the truth, when they reckon the Sun's centre g) 
he in die lower foeHs of all the planeUuy mbits. Thoof^, sbktly speaking, if we 
eonrider the focus of Mercury’s orbit to be ii) the Sun'i centre, die focus hf Venus's 
orbit will be in die common centre of gcarity t€ the Sun and Mercury; die focus of 
the Earth's mint inlhe oornmon centre of gravity of die Sun, Mercury, and Venus; 
the focus of the oibitof MBit|n the common centre of gravity of the Sud, Mercury, 
Venus, and die £uth; and w of the rest. Yet,thislbeuscaflfdieerintiofalldie 
llanels, except Saturn, will not be sensibly remo^l^ the centre of the Sun; nm 
MH die focus of Saturn's mUt recede scniibly from die oanmion cmtie of gravity of 
dM Son and Jitter. 

A Aa rqnesented in plate III, fig. 1, and described § 138. 
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cun'es, which never return into themselves. The comets come 
from alt j)arts of the heavens, and move in all sorts of directions. 
V 10. mentioned the Sun's turning round his axis, and 

^s there will be fretjueiil oeeuMon !o .speak of the like motion 
of the Earth and other planets, it is proper here to inform the 
younp; tyn* in astronomy, that neither the Sun nor planets have 
materia) axes to turn upon, and supjmrt tltcin, as in the little 
iin]KT{l‘Cl machines contrived to re])resent them; for ^ 

the avi" (;!’ a ])l:met is a line etmeeixed to l>e drawn the planeu, 
ihrcui»)i iis eiMitre, almiit wliieh it revolves as if on a 
real a\i>. 'flu* extremities of this line, terininatinjv in Qppo.site 
]M)ints of the planet's surface, are callctl its poles. That wliieh 
jK>iiit'. towards the northern p;irt of the heavens, is called the 
nortn ptie; and the other, pointiitjpr towaivis the southern part, 
is called (lie south {idle. A bowl whirled from one's hand intp 
the o]K>n air, turns round such a line within itself, whilst it 
moves Ibrward ; ami Mich are the lines we mean, when we speak 
of (he ases of the heavenly IxKlies. 

.90. Let ii!} su}ipos(; the Earth's orbit to be a thin, Thdr ortuts 

even, solid iiiane, euttinar the Sun thmuffb tlic cen- “® notin th* 
1*11 .■ 1 1 *nnie plane 

tre, and extended out ns lar as the stairy heavens, withtbeedip- 

where it will mark the f^reat circle called the eclip- f 

lie. This circle wc siijiiTose to Ik* divided into 12 equal parts,. 
railed si^ns; each si^rii into 30 equal parts, called degrees; 
each ilegret* into 60 equal parts, called minutes; and every mi- 
niite into GO eijual ports, called seconds: so that a second is 
the 60th jiart of a minute; a minute Ac 60Ui part of a degrte; 
and a degree the SGOth port of a circle, or SOtli port of a sign. 
The plaiK'.s of the orbits of all the other planets likewise cut the 
Sun ill halves; but, extended to the heavens, form circles dif- 
V'ront from one another, and from the ecliptic; one-half of 
eacli iK'ing on the north side, and the other on the south side 
oi‘it. Consequently the orbit of each planet crosses 
the ecliptic in two opjjosite jxiints, wliich arc colled ’ 

the ])lanet's nodes. Tlicsc nodes are all in different parts of the 
ecliptic; and therefore, if tlie planetary tracks remained visiMe 
in the heavens, they would in some measure resemble the dif¬ 
ferent ruts of waggon-wh^s, crossing |>ne another in difPerent 
ports, but never going far asunder. That node, or intersection 
of the orbit of any planet with the Earth's orbit, from which , the 
planet ascends northward above the ecliptic, is called the ascend* 
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ing node of the planet; and tlic oUier, whieh is directly opp 
where li. Mtc thereto, is called its descending notle. Saturn 
tuBtcil. ascending node is in the 21’ l.T of (Mincer cu 
Jupiter's in 7® 29' of the same sign, IMars's in 17" 17' < 
Taurus tt, Venus's in 13“ 59' of Gemini ii, and ^Mercury's i 
14° 43' of Taurus.^ Here we consider the ^iurlh's <»rbit as lli 
standard, and the orbits of all tlie other jiiancts as oblicpie Ui i 
The planets’ 21. When ne sjK'uk of the planets' orbits, all tin 
orbits, what, jg meant is their paths through the o})vn and imn 
sisting sjiacc in which lhc\ iiuive, and are kept in, by tlie al 
tracUve power of the Sun, and the jirojoclile foice impivsse 
upon them at first ; between which power and force there is s 
exact an adjustment, that they contiiiiK* in the same tracks witli 
out any solid orbits to confine them. 

Meccurj. 22. MKRCunv, the nearest planet to the Sun, giw 
^'•8* *• round him (as in tJie circle luarkinl <;) in ST tlay 
23 hour.s of our time lU'arly; ^^liich is the length ol'liisyeai 
But being seldom seen, and no sjtots ap|K‘:iniig (hi his suifae 
or disc, the time of liis rotation on his u\is, or tlu* length oi In 
days End nights, is as yet iinkiunMi. Ilisdistanee from the Sui 
is computed to be 32 millions of miles, uiul his dianu'ter 2,0(K. 
In his course round the Sun, ho mo\es at tiu- late of 95,001 
miles every hour. His light and heat from the Sun ar 
almost seven times as great as ours; and iho Sun appears to hni 
Mby be in- almost seven times as large as to us. 'J'he great lieu 
habited. on this planet is no argument against its lieiiig inliil 
bited ; ance the Almighty* could as easily suit the iKiilics am 
cemstitutions of its inhabitants to the heat of their tlwclhng, a 
he-has done ours to the temperature of our Knrtli. And it i 
very probable that the |)eoplc there have such an opinion of us 
as we have of the inhabitants of Jupiter and Saturn; nainciy 
that we must be intcderohly cold, and have very' little light a 
so great a distance from the Sun. 

* On the Ikt ef JanuBiy 1820, the Bseending node of the Geotgium SMur, on< 
of the ploneu latelr diaoovered, was in the 12* 6T «f Ckmini, end advances ll 
ecBonda in a jear. Saturn’a in 22* 66' of CaBoer, uid advances 32 seconds in • 
Tear. Jupiter’s in •• 86' of Cancer, fmd advance! 36 seoands eveir yean Mars’ 
' in 19; ir of Tonrus, and advaiMea 28 Beamda in a year. Yenua’a in the 16" 4 
advances 30 seconds in a year. Meteury*! in 16* 11' of T.Burui 
adi ikivsnees 43 seconds every yem. It ia a cnrkius circumstance that die node 
ef dwINwte should all be in the 2d, 3 d, and 4di signs of the aodiac, and that twi 
be in each of iIich signs 
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J2J3. This planel appears to iw with ail the various 
phases <»!' the Moon, when viewed at different limes phucs with 
f)y a gtK>d telescope: save only that he never a])pears Moon. 
Ijiiite full, iK'cuuse liis en]i|^htened side is never turned directly 
toward us, but when he is so near the Sun as lo.be lost to our 
sip;ht in its beain.s, «\nd, as his enlightened side is always to¬ 
wards the Sun, it is plain tliat he shines not by any light of his 
own ; for if lie <lul, he would cniiritantly appear round. That 
he luoM's about the Sun in an orliit within the Eartlf's orbit, is 
alM» plain (as will lie more largely shew'ii by and by, § 141, et 
becnuse lie is never swn oj>|K)sitc to the Sun, nor above 
.'>() tunes the Suirs breadth from bis centre. 

J24. His or})it is inclined si\en degree.s to ibc Hisoririt 
liptif; and that iiotle, § !^(), from which he a- "“****' 

M i-nds norihward altove the ecliptic, i.s in the 16lh degree of 
tlie opjiosite in the IGUi degree of Scorpio. The 
l’.;irlh is in these |M)ints on the (ith of November and 4th of 
May, new st\le; and when Mercury comes to eitlier of his 
males .at his inferior'’conjunetioii hImiuI these times, he will ap- 
jie.’ir to y>ass o\er the disc or face of tlie Sun, like a dark round 
sjKit. Ihit ill all other yiarts of his orbit liis conjunctions are 
in\isihJe, hecau'.e he cither goes alx>ve or Iwlow the Sun. 

Hii. ]\rr. IVluslou lias given us an account of si*- 
, . , , . , 1 1 'Vhen lie 

\eral periods at Mhich Mercury may he seen on tlie wtU be seen 

Sun's dis(, Mz. in the year 1782, Novemlx*r 12, at 
31 ' 44 .n' ,j, aftomoon; 1786, May 4, at O'* 57“ 
in the forenoon; 1789, DecemlxT 6 , at 6 ** 65“ in the aflter- 
iKKin ; and 1799, May 7, at 2*' 34“ in the afternoon.^ 

26. VkxI'S, the next planet in order, is computed 
to be 59 millions of miles from the Sun; and by 
^noving at the rate of 69*000 miles every hour in lier or¬ 
bit (as ill the circle marked ?), she goes round the piate I, 

Sun in 224 day.s 17 hours of our timp, nearly; in *’>«• 
which, though it be the full length of her year, she has only 
9’ day.s', according to Bianchini's observations .so that, to 


* When he w between flie Earth and tlie Sun in the nearer part of hia orlafc 

• The next viaibte ttdhttta of Mercury will be in 1832, May 5, middle of tfie 
traniAt, 12'* 27 -" noon« 1845, May 8, 7'‘42"> in tlie afternoon; 1848, Npvembct 
0, l'*60'“ in die afternoon; 1861, November 12, 7'* 30"* mommg; 1868, No¬ 
vember 5, 7’’ 88" in the morning; 1878, 3Iay 7* 6** b" ^ •J"* afternoon; 1894, 
November 10* 6^ 46" in die eveoiof^^Edm 

^ According to the elder CasMiii* Vciiiui rcvolvca upon her axis in the space ^ 
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bcr, every day and ni^t togetlicr is as long os 24^ days and 
nights with us. This odd quarter of a day in every year makes 
every fourth year a leap-year to Venuh; as the like does to our 
Earth. Her diameter is 7,900 miles; aiul hv her ditininl mo¬ 
tion the inhabitants about her e<jutitor are carried 4{j miles 
every hour, besides the 69,000 aliove mentioned. 

Her orlrit Her orbit incl'ides that<- 01 ' Meieurv williin >l; 

the^iX** 8*'^***^'^* elongation, or ap|Nirent diMaiirt' 

and Mcr. * from the Sun, she U 96 tiiiK'^ iii.s hreatith li'oui 
cury. centre, which is almost double of ^lereuiyV. llu 
orbit is included by tlie Earth's; Ibr if it were not, die miglu 
be seen as often in opposition to the Sun, as site is in coii|uni-- 
Uon aith him; but she was never si'eii 90 degrees, t,r a liunth 
part of a circle, from the Sun. 

B. 28. When Venus ainx'ars wlM of the Sun, she 

She n our 

raoroiDg and rises before him in the morning, and is ealleil tin 
morning star: when she ajqx'ars oast ol‘ the S’ln, .>he 
shines in the exening after lie sets and is tlien culled 
the evening star : being each in its turn for 290 days. It may 


23** SO”. Thia result was deduced from onscrvations mMU in on a linglit 
spot in Voius’s disc, which advanced 20" in the cnnrM ot‘ 24*' .*14'". CaMNini, m- 
■ontog DO doubt from the diurnal revolution of t|ie other planets concluded that tiu. 
•pot h«<t) during the interval of 24^ 34"* pcribrnied a complete revolution, aiul 
of another, and that the rotation of die planet was complete in 23’‘ 2 ()'“ (Cjosiiu. 
JBliwuns d^Jitronomie, p. 625), while the natuial coiirtusion should have been, that 
the spot had only peribimed part of a revolution. Signior Itianrhini made similar 
obaemtiont in 1726, &c.; but as the spot which he obaerved did not make any 
ptegre si in the apace of three hoan, he justly concluded diat die spot aliicli CasMU 
obaerved had performed^ only a part of a revolution, and diat Vciius completed 
her diurnal period in 24 days (I hours. See Jleaptri et J*huipkori nui'a pkrnumniu, 
pp. 25, 61, 63« The tevokdon amgned by Casbini is more anali^ui to that of die 
other planets, in none of whidt does the length of die day exceed 24 hours. But 
Bianchini’a libsenrations were more numerous, and were mode at dificrent timck. 
Tlie spots Venus were shewn to several persons, who agreed as to their appear¬ 
ance, and these qwts actually made no progress in the space of ; whereas, upon 
Caasini’a hypodiau, they ought to have advanced 45". Notwithstanding these ar- 
gnments, however, which might probably have weighed with our author, it would ap- 
( pent, from the observations of Sdiroeter, that the diurnal period assigned by Casum' is 
nearly true. Schroeter observed the diillreDt shapes of the two hoinaof Venus. 1 le 
fbund dut the one horn was painted, while the other was blunt The southern horn, 
which was at int more blunt dun die northern, in two hourdPlost its diadew, became 
IMie pnnted than die northern, and its blunted shape speared every day about half 

C thar BotHur, dut is, after an interval of 23) hoon. This alternate bluntness 
I duspoeas in die horns of Venus is sujqiosed by Sduoeter to arise from the sha- 
'do# of a bigh mountun. From Dumorouabbaetvniiaiis, he fiwnd that Venus’s diuc- 
lud mnlntinii was performed in 23^ 20* 69A**^Ed, 
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perhaps be surprising at first, that Venus should keep longer 
ion the east or west of the Sun, than the whole time of her pe- 
Viod round him. But the difiicultj vamshcs when wc con¬ 
sider that the Earth is all the while going round the Sun the 
same way, though imt so quick as Venus: and therefore her 
relative motion to thi Earth must in every period be as much 
slower than her absoliAc motion in her orbit, as the Earth dur¬ 
ing that time arlvonces forward in the ediptic, which is 220 
degrees. To us site appe^ars through a telescope in all the va¬ 
rious shafK'h of the IVfoon.* 

29. The axis of Venus is inclined 75 degrees to the axis of 
her orbit, which is 51^ degrees more than our Earth's axis is 
inclined to the axis of the ecliptic: and therefore her seasons 

^vary much more than ours do. The north pole of her axis in- 
('liiu's towards the 2(Jth degree of Aquarius, our Earth's to the 
iK'ginning of Cancer; consequently the northern parts of Ve¬ 
nus haw summer in the signs where tliose of our Earth have 
winter, anti rice iH^rsu. 

30. The*’’ artiheial day at each pole of Venus is Remutcable 

as Itmg as 112^ natural days on our Earth.^ appewmew. 

31. The Sun's greatest declination on each side of ^ . 
her equator amounts to 75 degrees; therefore her* an? 
tropics art' only 15 degrees from her poles; and her* 

polar circles as fur from her etjuator. Consequent¬ 
ly the tro])ic& of Venus are bctw'een her polar drcles and her 

}M>les; conti'ary to what those of our Earth are. 

• 

‘ The line which divide! the enlightened ftom the obeeaie put of Yenas*! due 
if ngged and uneven, like that of the Moon. No bright upote have been obauved 
on her surface since the tune of BianchinL Dr. llersclid has found her always en- 
vah^ied in somedring resembling a white doud, and nevu aaw any variety in her 
lppeaiaDG& Schneter disoover^ a twilight in Venus, at^d supposes the denserpsit 
^cS hw atmosphere to be 16,020 feet, or three miles neuly in hei^t. He found, 
that'the highest mountains of Venus as, well as the moon, are in the aoudian hemi. 
Mphere; tliat their peipendinibr heiglits are u the diameter of their planets { and 
that one of the mountains of Venus is about S4 geographical ailM in aemiy 

six times Higher than any in the moon—JM. 

> The time between the Sim^s rising and setting. 

' One entire revolution, or 24 hours. 

* These Itfe lesser dtdes, pualld to the equator, and as many degrees from it, to¬ 
wards the poles, as the anis of the phiiet ia inclined to the axis of its orlnb Whn 
the Son is advanced so for north at south of the equator, as to be directly over either 
tropic, he goes no fortfaer, bnt ntuns towards the odier. 

* ThsM are lessu tadea roond the polu, and u fiw firom thOn as tbompics ai» 
ftom the eqiugor. The poles ore the very north and aouth pointi foe pIsMt. 
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'The SunN 32. As her aiinunl revolution contains only 9J of 
daily ctHirw; tlio Sun Will olw’ays appear to go tlinnigh 

a whole sign, or tw’elfth part of her orbit, in a little more than 
three quarters of her natural day, or nearly in IS J of our clays 
and nights. 

and gnat de- 33. BecauM' Iicr day is .so gr^'^at a jmrt of her year, 

dination. i.|iaiiges his dcclinatidn in one day so much, 

that if he ]>asses vertically, or directly over head of any givc*n 

])lacc on the tropic, the next day he will be 20 from it :* and 

whatecer place* he pasM-h vcrtieallx over vcheii in the e(|uatnr, 

one (lav’s fev'olution will remove him 30!' from i: So that 
• * 

the Sun changes his dcrlination every day in Venn*, alxmt 1 !•' 
more at a mean rate, than he does in a cpiarter of a year on our 
£arth. This apjiears to Ik* jirovidcntially ordered, for prevent¬ 
ing the t(x> great effects of the Sun’s heat (which is twice as 
great on \'enus a.s on the Earth), so that he cannot shine per¬ 
pendicularly on the same phu'es for two davs together ;'un(l on 
that actMMint the heated places have time to mol 

T determine *** ^ ^*' 

th^ poinu of nus fix their south or meridian line througli that 

*^*^l»*^ part of* the heavens where the Sun eoine.s to his 

greatest height, or north declination, and call those 

the cast and* wc^ points of their horizon which are {)<) on each 

ludc from that point where the horizon is cut by the iiuiidiaii 

line, these inliabitanls wiU have the following reinarkahlc ap. 

pearanccs. 

The Sun w'ill rise 22’“’ north of tlie east, and going on 
112 ^% as niea.siircd on the jilauc of the* hori/on,'’' he will cross 
tlie meridian at an altitude of 121 ; then making an entire 
revolution without setting, he will cross it again at an altitude 
of 48^°; at the next revolution he will cross tlie meridian as 
he comes to his gi'eatest height and declination, at the altitude 
Surprising i being then only Ir?" from the zenith, or tliat 

■ppMtunccs point of the heavens which is directly over head : 
at hfct pules, thcncc lie will descend in the like spiral man¬ 
ner ; crossing the meridian first at the altitude of 48^°; next 
at the altitude of 12^"; and going on then 112^% he will set 
north of the west; so that after having been 4| rovolii- 

« 

.p* A degree »th^ 360th part of any drcle. See § 31. 

. • * The liaiit of any iDhabiCani*^ vkw, whew the s^iy veems to touch the ^)lanet all 
foundli^ 
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tions above the horizon, he descends below it to exhibit tlie 
. like ap}varancea at the soiitli pole. ‘ 

V 35. At each pole, the Sun continues half a year without scU 
lin^ in summer, and as Ibn^ Without rising- in winter; conse- 
(]uently the polar inhabitants df Venus have only one day and 
one night in the }ea»; as it is at the |X)Te.s of our Earth. But 
the diflerence Ijetween the heat of summer and cold of winter, 
or of inid-day aud’mid-night, on Venus, is much greater than 
on the Earth: iK'cause on Venus, as Uie Sun is for lialf a year 
together alwjxe the horizon of each pole in its turn, so he is for 
a eoiiNiderahic jiart of that time near the zenith; and during 
the other half of the year always l>elow the horizon, and for a 
great (lart of that time at least 70’ from it. Whereas, at the 
poles oi'our Earth, although tlie Sun is for half a year togc'thcr 
*al)o\e the horizon; yet he never iisirnds above, nor descends 
It, more tlian When the Sun is in the equinoc¬ 

tial, or jn that einie which divides the northern half of tlie 
lu'iiM'iis from th«* southern, he is seen with one half of his disc 
alaive the horizon of the north pile, and the.other half above 
the horizon of the south jiole; so that his centre is in the hori¬ 
zon of l)oth : and then descending liclow tlie horizon of 
one, ho ascends gruduaiiy above that of the other. Hence, in 
a year, eueh [xiie has one spring, one harvest, a summer as 
long us them both, and a winter equal in length to the other 
three si'flhons. 


30. At the polar circles of Venus, the Seasons arc At her pol« 
much the same as at the equator, because there are ®“c**s* 
onlv 15' between (hem (§ 31); only tlie winters are not quite 
so long, nor the summers so short: but the fuur seasons come 


twice round every year. 

y 37. At \'enus‘'s tnipics, the Sun continues for At her tro. 
about fifteen of our weeks togetlier without setting P*®* 


in summer, and as long witliput rising in winter. Whilst he is 
more than 15 degrees from the equator, he neither rises to the 


inhabitaifts of the one tropic, nor sets to those of the other: 
wiitWas, at our terrestrial tropics, he rises and sets evezy day 


of the year. 

38. At Venus's tropics, the seasons arc much the same as at 
her poles; only the summers are a little longer, and the win¬ 
ters a little shorter. 
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39. At hw equator, tlie days and nights are al¬ 
ways of *the same length; and yet the diurnal and 
nocturnal arches are very different, especially when the Sun's 
deelinution is about the greatest: for then, his meridian alti 
tude may sometimes lie twice as great os his midnight depres- 
Mon, and at other times the reverse. Wlvm tlic Sun is at his 
greatest declination, either north or sou|h, his rays are as ob¬ 
lique at Venus's equator, os they are at London on the shortest 
day of winter. Therefore, at her ecpiator there are tw(» win¬ 
ters, two summers, two springs, and two autumns, every year. 
But because the Sun stays fur some time near tlie tmpics, and 
passes so quickly over the equator, every winter there will be 
almost twice as long as summer: the four seasons returning 
twice in that time, which consists only of 9| days. 

40. Those parts of Venus which lie between the })ules and 
tropics, and between the tropicb and polar circles, and also bt‘- 
tween the polar circles and equator, (mrtake more or iesy of the 
phenomena of these circles, as they are more or less distant 
from them. 

Grait diiftr. 41. From the quick change of the Sun s dwlinar 
tiwi it happens, that if he rises due east on any 
tndestiiM^ day, he will not set due west on that day, as with 
ud wttiiig. yg . fyj. if tjie place where he rises due east be on 
the equator, he fill set on that day almost wegt-north-w'est; 
or about 18^^ north of the west. But if the place lie in 45^ 
north latitu^, then on the day that the Sun rises due ca.st he 
will set nmrtlwwest by west, or 33** north of the west. And in 
fiff* north latitude, when he rises in the cast, he sets not in 
that revolutimi, but just touches tlie horizon KT to the west of 
the north point: and ascends again, continuing for 3{ revolu- 
rions above the horizon without settiug. Therefore no plact; 
has the forenoon and afternoon of ^le same day equally long, 
unless it be on the equator, or at pdles. 

_ 4ff. The Sun's altitude at noon, or any oilier time 

tndeof phen of the day, and his amplitude at rismg and setting 
l)«ng very (Afferent at places on the same parallel 
of latit||i^, according to Bie different longitudes of 
those places, the longitude will be almost as easily found on 
Venus, as the latitude is fpund tfii the ijEaiQth: which is an ad- 
IHDtage we can never have, because the ^ly disnge of the 
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Suirb Jecliitutiuii is by much t(K><«nall for that important pur. 

pOb 

445. On this planet, where Uie Sun crosses the cejua* Her eqni. 
or in any year, he w^Ul have O'* of declination from ■ 

that pi:iee on the suiiic day and hour next year, and da^^tbrmud 
will cross the eipiatoiE 90'Marther to die west; which every year, 
makes tlic time of the equinox a qiioiter of a day (or about six of 
our days) later every year. Hence, although the spiral in which 
yie Sun's motion is |)crformc*d be of tlie same sort e\ery year, yet 
il nil! not he tlie ^ ery same, because the Sun will not pass vertical. 
!> t»\er the '>ame jilaccs till lour annual revolutions arc finished. 

bk We may suppose that the iidiabitants of Ve- 
nils will he careful to add a day to some particular ^car a leap 
pari t»f e\erv fourth year, which will keep the .same y®“ to Ve. 

* • • ^ nub* 

• .i.sons lo till* same <lays. J'or, u>- the great annual 
ihange of the equinoxes and boisliee.s shifts the seasoms a quar- 
t» r (►f .a d.iy e%ery year, they would be shifted tlurough all the 
ila\s 111 the year in l>() u ars. But by means of this intercalary 
(!av, e\ery I'ourth year will ho a leap year; which will bring her 
lime to an even reckoinng, and keep her calendar alw'ays right. 

4.J. \ eiiiis’s orbit is inclined ' to the Earth's; 

:nul erossc's it in the 14*^ ul’Clemini and of Sagittarius; wiU appear 
and iherel’ore, wlieii the Earth is alMiut these points 
Ilf tlie ecliptic at the time ll^L Wnus is in lier inferior conjiinc. 
tion, sIk' will ap})car like a .s^xit on the Sun, and afford a more 
etrtaiii method of finding tlie distances of all tlic phmets from the 
Sun than any other yet kiiowm. But these appenrmices hap- 
]i(L'ii v(‘rv seldom; and will lie only twice visible at London ibr 
110 years to come. The Hr.st time will be in the year 1761, 
.1 une the Gth, in the morning; and the second, on the 3d of June 
1769, in the evening. Excepting such transits as these, she 
^liew's the same appearances t<i us regularly every eight years; 
her eoujuiictions, ejongations, and times of rising and setting, 
being very nearly the same, on the same days, as before. 

• 46. Vienus may have a satellite or moon, although 
it Ihj undiscovered by us: which will not ap^iear very Kmooniltho’ 
surprising, if we coneidcr how’inconveniently we ate wecwmotiee 
])laced for seeing it;^ for its enlightened side can 


® Csasini, Shorty Md od^ astHmomen, imaglnad that diej lav Yenui attended 
with her lateBite; and Lambert has pTCH, in the Memoiia of Berlin for 1773, a 
theory of this secondary planet. These astronomers, however, were deceived 
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never be fully turned towards us but when Venus is lutyoiid 

the Sun; and then, os Venus appears little bigger than an 

ordinary star, her moon inav be too small to be |X‘ra‘ived at 

such a distance. When she is lictween us and the Sun, Iier fiil^ 

moon has its dark side towards us; and then Me cannot j^ee it 

aiiv more than wd can our tmn mixni at ttlie time of chancre. 

When Venus i<! at her grcate*»t elongnlion, mc have hut one 

half of the enlightened side of her full nuxsi to^^ards us; and 

even then it inav Ik^ t<K) far distant to he sivn hv us. Hut if 
» ¥ 

slic has a nuxm. it may certainly In? '‘ecu with her ujion the Sun, 
in the year 1761,^ unle&s its orbit be con&tderahly inclined to the 
ecliptic: for if it should lx? in eonjimelinu or o]))K)sition at that 
time, we can hardly imagine that it moves so slow as to In* hid hv 
Venus all the six liours that she M'ill ap]H\ar on the SiinV dlse.'' 

47. The Karth i.s the next-plawl alxne Venus 
^ ‘ in the sy.stein. It is 8ii,0()0,000 of miles from the 
Fig. 1. Sun, and goes round him (n.s in ilu’ circle 0) l:i 
S'* 49" from any ccpiinox or solstice to the same again; hut 
from any fixed star to the s.une again, as seen from the Sun, 

Its dioRisl ^^'■“**-'** being the length o.** 

andsBBual the tropical year, and the latter the lengtli of tlie 
svdereal. It travels at the rate of imles 

eveiy hour; wliich motion, though 120 times swifter than 
that of a cannon ball, is little more tlian half as dwiii as Mer- 
cuiy's motion in his orbit. The earth’s diameter is 7,970 miles, 
and by turning round its axis every 24 liours from wo^t to east, 
it causes an apparent diurnal motion of all the heavenly hor!ii>s 
from east to west. By tills rapid motion of tlie earth on its axis, 
the inhabitants alxmt the ctiuutor are carried 1,042 miles e\cry 
hour^ whilst those tm the parallel of London arc can'icd only 

optel iUaBion, for die inttginary utellite was meidy a aeconilaiy image formed by a: 
donlite icflectiaii* M. Wargentm hod in his poiscaHon a good aidiroinatic tclcacope, 
which alwaya ahewed Venua with a ntellitc; but the dccepUon waa diaoovered b>, 
numng the teleaei^ upon its nshu—Ed. 

^ The transit is over since ^is Was written, and no aateUito was seen with Venua 
on the sun*6 disc. ' 

* All the plwiioiiienaon4be planet Tenu%whidi dqiendon thetlme ofher diurnal 
rotation, wiU be dHTerenthom those mentianed by Mr. Ferguson, in consequence of 
hk having adopted the length of bet day aeagjjgned by Hiaoehinit seep. 10, note. By 
aa|i|p 0 Bng the daily levolutiiHi of Venua to beoae ofour dayBuM^of 24, the reader 
im||r ewfly deduce die teal phenomma lew by the iahabittbtaarmt planet, whidiaw 
aUdisdly her dintial rcvoluUon.**^ ^ 
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> about 580, beiudes the 58,000 miles by the annual motion above 
mentioned, which is common to all places whatever. 

48. The Earth's axis makes an angle of with indinadui 
ijic axis of its orbit; and keeps always the same ob- 
li(]ue diri'ctiun, inclining towards the same fixed sturs^ through. 
' out its annual course,,Avhicli t‘aiise.s the returns of spring, sum¬ 
mer, niitumn, and Avint^r; as will be explained at large in the 
tenth chapter. 

4!). The Earth is round like a globe, as appears, ^ pioof oTiu 
1, Uy jt> shadow' in eclipse^ of the incxm; which being round, 
shadow is always bounded by a circular line (§ 314); 2, By 
our st'ciiig the masts of a w liilst the hull is hid by the con¬ 

vexity of the water; 3, By its ha\ ing been sailed round by many 
navigators. 'I'lie hills take off no more from the roundne&s of 
the earth, in cotnjiarison, than grains of dust do from the round¬ 
ness ol' a coininon globe. 

50. '.^’lie seas and unknown parts of the Earth (by itonumbcrof 
a nieasureint'iit of the best inajis) contain 100 million kqoafemaei. 
5^12 iliousand and 120 stpiare miles; tlie inhabited parts 38 mil¬ 
lion 0!)0 thousniid 509, Europe 4 million 456 tliousand and 
05. Asia 10 million 708 thousand 823; Africa 9 million 654 


Thousand 807; America 14 iiiilliuii 110 thousand 874. In all, 
199 million 512 thou«and 505; which is the number of square 
miles on the whole .surface tif our gloln*. 

51. Dr. Long, in the first volume of his astronomy, propor- 
p. 108, uieiitioiis an ingenious and ea.sy method of tion of land 
finding nearly what pro|)urtion the land hears to the 
sea ; w hicli is, to take the })a]H‘rs of a large terrestrial globe, 
and after separating the land from the sea, with a pair of scis- 
sars, to weigh tJieni carefully in scalc.s. This supposes the globe 
to be exactly delineated, and the papers all of equal thickness. 

'The Doctor made the experiment on the papers of Mr. Senex's 

? vcntccn inch globe; and found that the sea papers weighed 
['9 grams, and the land only 124: by which it appears that 
• a:imosl three fourth parts of the surface of our Earth, between 
the polar circles, are covered with water, and that little more 
than one,fourth is dry land. The Doctor omitted weighing all 


* Tliiiis not strictly true, as wIB appear when we come to treat of the reoasaion of 
the equinoctial points in the heavens, g 246; which recession is equal to the deviation 
o{ the Kartb'saxis fWim its parallelisni; but this is rather too small to be senaiUe in an 
aye, except to those who make very nice observations. 
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within the polar circles, liecaiisc there is no certain measurement 
of the land within them, so as to know what proportion it bears 
to the sea. . 

The 3Ioon. ^ planet, hilt only a satellite 

or attendant ()riIu'T''artli,^iiin«; round the Kartli from 
change to change in f29'* VJ** and 4t"’; ami lound the Sun with 
it every year. Tlie diameter «<« 52.180 miles and her 

distance from the KartliV centn* 240,000. She goo<s round her 
orbit in 27** 40“, moving alnnit 2.290 miles every hour; and 

turns round her axis exactly in the lime that she goes round 
the Larth. which is the reason of her keeping alwnis the same 
side towards us, and that her da\ and niglit, taken together, is 
as long as our lunar month. 

53. The ^loon is an opa({ue globe like the Ikirth, and shines 
only by reflecting the light of the Sun:'therefore, whilst thai 
half of her which k tov\ardN the Sun is I'lihgliieiied, the other 
Herphiws. and iiiMslhle llems- s'.v disap¬ 

pears when she comes Ivtweeii us and the Sun, be¬ 
cause her dark side is then toward** n**. When she is gone a 
little way forward, we <ee a little of her enlightened side : whicli 
still increases to our liew, a-?-he juhaiiees forward, until she 
comes to be opposite to the Sun; ami then her whole eiiligliten- 
ed side is towards the Knrih, and -he apjiears wiilia round illu¬ 
mined orb, which we call the _/a//wjocwi; her dark side being 
then turned away from the Karth. Fmm the full she M*em.s to 
decrease gradually as she goes through the other half of her 
course, shewing us less and less of her enlightened side every 
day, till her next change or conjunction with the Sun, and then 
she disappears as before, 

A proof that change of the Moon's phases 

■he shines not demonstrates that she shines not by any light of h<»r 
^her own jf lieing globular, W'c should 

always sec her with a round full orb like the Si n. 
Fig. 1. orbit is represented in the scheme by the liit c 

circle w, upm the Farth’s orbit 0: but if is drawn 
fifty times loo large in proportion to the Earth’s; and yet is 
almost too small to be seen in the diagram. 

One hslf of ^^oon has scarcely any difference of sca- 

sons, her axis lieing almost perpendicular to the 
^ ecliptic. What is veiy singular, one lialf of her has 

no darkness at all, the Earth constantly affording it a strong 
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light in the Sun's absence; while tlte other half has a fortnight's 
darkness and a fortnight's light by turns. 

56. Our Eartli is a Moon to the Moon, waxing and Our Earth k 
iwaning rcgularlv, but appearing thirteen times as Moon, 
big, and jilfording her thirteen lMne.s as much light a*! she does 
to ns. When she changes to ns, the Earth ap|K'ars full to her; 
and when she is in hei* first quarter to ns, the Earth is in its 
third (pinrter to her; and vice versa. 

57. But from one half of the McKm, the Eartli is never seen 
at all from the middle of the other half it i*; always seen over 
head, tunnng round almost thirty times a.s quick as the Moon 
does. From tin* eirele wlneh liniiis our view of the Moon, onlv 
one half of* the Eartlfsside ne\l her is seen, the ntlier half being 
hid Ih'Iom the horizon ol’ all jiiaees on that circle To her the 
Rartii seems to*lie tiu* hlggesi body m the universe, for it ap¬ 
pears thirteen time-? .'is big us she does to us 

58. \riie Moon has ik* atmosphere of any visible density sur¬ 
rounding luT as \M‘ liiiM*. for if she had, we could never see 
her edge .so well ilefiiied as it ajqiears; but there would be a 
sort of a mist or iia/mess around her, Tillich would make the 
stars look fainter, when they are seen through it.^ Apwofofthe 
But obser^atlon prines, that the stars which disap- Moon’s tuv- 
pear bcliind the Moon retain their full lustre until 

they seem to toneli her \ery edge, and then they 

' Tht!) iR not cs.-ictly Ihi' rase, lor »*€ sonctimcs see a portion of the Moon’s eastern 
hemiApherc, whirh wiis nut seen in .ifurnirr part of tier revolution, and lose fight of 
a similar imrtiun of the Moon's western limb, llie Crwan ua, for example, which 
IS a large dark .spot on the western side of tlie moon, is soiuciimcs j of its diameter 
from her limb, and at oilier times so near it, that the interval can scarrelj be observed. 
See the Supplementary chapter, on Selenography.— 

* Afltronoiiicrs have long been divided in npmion respecting the atmosphera of tlw 
Moon. Those who deny its existence, argue chiefly from the appearance of fixed stars, 
'that emerge behind the moon’s limb, without losing their usual lustre. But if we 
consider, that the lunar atmosphere, if it did exist, could not subtend an angle oF 
Jlnv than one second, and that the emerging star moves through this space in tam 
I ^' 0 R</« of time, we can scarcely expect to perceive any considerable change in its 
• onlliancy. • Besides, if the star emerges at a part of the Moon’s limb where there Is a 
ridge of mountains, the time during winch its lustre should be observed, would be 
much less than two seconds, and sometimes imperceptible. On this point, however, 
wc arc notli^ttn vBguecuiijcctiirc, for JM. Schroctrr has discovered, near the Moon's 
cusps, a faint grey hght, of a pyramidal form, which, being the Moon’s twilight, must 
necessarily arise from her atmosphere. M. Schroeter concludes, ftom his observa* 
tions, that the height of the Moon's atmosphere, where it could diminish the bright’ 
ness of a star, or inflect Uie rays of light, does not exceed 57^2 feet. See chap, xv, 
note 2—Cd. . 
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vanish in a moment. This has been often observed by astro, 
nomers, but particularly by Cassini,^ of the star y* in the 
breast of Virgo, which appears single and round to the bare 
eye; but through n refracting telescope of 1 (i feet, ap|)ears to* 
be two stars w near together, that the distance between them 
seems to l>e but eijua! to tine of their appafeiil diameters. The 
Moon was ob‘«cr^ed to pass over l]ieni''on the 21 sf of April 
1720, N.s. and as her dark edge drew near to them, it caust'd 
no change in their colour or situation. At 14* past 12 
at night, the most westerly of the.*«e stars was hid by the dark 
edge of the Moon; and in 00* afterward-, the most easterly 
star was hid: each of them disappt*aring bi*hind the Moon in an 
instant, without any preceding diminution of magnitude or 
brightness; which bv no means could lm>c been the case if 
there were an ainio.-phere round the Moon ; lor then, one of 
the stars, falling oblupiely into it heliire thi* other, ought by re¬ 
fraction to have suffered some cliange in its colour, ttr in us 
distance from the other star, which was not \(.t entered into the 
atmosphere. Hut no .such alteration could be perceived, though 
the observation was pedbrnied with the utmost attention to that 
particular; and ivas very proper to have mades\ich a discovery 
The faint light, which has been sj cn all around the Moon, in 
total eclipses of the Sun, has been oh-erved, during the time of 
darkneso, to have its centre coincident with the centre of the 
Sun; and was, therefore, much more likely to ari.se from the 
atmosphere of the Sun, than from that of the Mtam; for if it had 
been owing to the latter, its centre would have gone along with 
the moon's. 


Nor seas. 


59. If there were seas in the Moon, the could have 
no clouds, rains, nor storms, as we have; because 
she has no such atmosphere to support the vapours which oc- 
casion them. And every one knows, that when the Moon is 
above our horizon in the night-time, she is visible, unless tl% 
clouds of our atmosphere hide her from our view; and all paH^t 
of her appear constantly with the same clear, serene, and calm' 

She is fuU of Moon, which 

caverns and were formerly thought to be seas, are now found to 
P**»* jjg only ynst deep cavities, and places which reflect 
not the Sun's light so strongly as others, having many caverns 


* JIfeeuNrH de PAcai. 1730. 
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and pits, whose siiadows fall within tlicm, and are always dark 
on the sides next the Sun, which demonstrates their being 
hollow; and most of these pits have little knobs like hillocks 
atanding w'ithin thorn, and casting sliadows also, which cause 
these places In .'ip|)ear darker than others that have fewer or 
less remarkable caverns. All these ap])earances shew that there 
are no seas in the Moon ; fur if there were any, their surfaces 
would appear smooth and even, like those on the Earths 
* 60. There being no atmosphere about the Moon, 
the heavens in the day-time have the appearance of waybTuibteto 
night to a lunarian who turns his back toward the ** 

Sun; and when he does, the stara appear as bright to him as 
they do in the night to us. For, it is entirely owing to our 
atmosphere that the heavens arc bright about us in the day, 

61. As the Earth' turns round itsaxi.s, the several continents, 
seas, and islands appear to the Moun‘'s inhabitants like so many 
spots, \)f different forms and brightness, moving over its sur¬ 
face : but much iainter at some times than others, as our clouds 
cover them or lea\e them. By these spots the luna- Farth a 
nans can determine the time of the Eartlfs diurnal dial to the 
motion, ju.st as ve do the motion of the Sun ; and 
perhaps they measure their time b} tlie motion of the Earth's 
spots, for they eainiot haie a truer dial. 

62. The MtKiii's axis is so nearly perpendicular to the Elliptic, 
that the Sun lle^er reino\es .sensibly from her equator; and the 
oblitjuily ® of her orbit, wiiicli is next to nothing, as seen from 
the Sun, camiot cause the Sun to decline sensibly from her 

# 

* The argumenU adduced by JMr. Ferguson to prove that there is no sea in the 
moon, arc very far from being condusitx. The existence of a lunar atmosphere u 
completely ascertained ; and the little pits and eminences which appear in the dark 
parts of the moon, which arc extremely even and smooth, may be regarded as rocka 
ur islands. By observations, howeier, on the Mare Crisium, when the line which 
J|fparatcs the enlightened from the obscure segment of the Itloon passed through this 
Xi:.rge and apparently level spot, 1 Imie found that the shaded parts of the Moon, 
.lowevcr amooth tliey may apjiear, arc not level surfaces, and tlierefore cannot be 
seas. If there were seas in the Moon, there would be particular times when the 
reflected light of the Sun would render them more brilliant than any odier part 
of her surface, and the liglit would acquire that priqierty called jralansatioa, which 
ia however (bund not to be the case. These facts will be stated more fully in the 
Supplement.—£i/. 

^ The Moon’s orbit crosses the ecliptic in two opponte points, called the moon’s 
nodes; so that one half of her orbit is above the ecliptic, and the other half below it. 
The angle of its obliquity is 6) degrees. 
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Heir the lu- equator. Yet lier inhabitants xure not destitute of 
means for ascertaining the length of their year, 
iragfhofthciv though their method and ours must differ: for wc 
can know the length of our year by the return of 
our equinoxes; but the lunarians, having always equal day and 
mght, must have recourse to another mtthod; and we may 
•upposC) they measure their year b> olwerving when either of 
the poles of our Ktu'th begins to be enlightened, and tlic other 
to disappear, wliich i.s alwn}s *it our equinoxes; they being 
convenientlv situated for ob 3 iT\’ing great tracts ot land about 
our eanh's jwles, which arc entirely unknown to us. Hence 
we may conclude, that tlic vi*ar is ol the same absolute length 
both to the Earth and Mwn, though very different as to the 
number of day's; wc having fiOo | natural days, and the luna¬ 
rians only 12j‘g ; oierv day and night in the Mism Iwing as 
long as 291 on the Karth. 

•nd the Ion mhahitants on the side iifxt the 

gitudn of Earth niav as easily find the longitude of their places 
their placei. jfind the latitude of• oiii'n , for the Earth 

keeping constantly, or very nearly over oiu meridian of the 
Moon, the east or west distances of places from that meridian 
are as casilv found, as we can find our distauee from the equa- 
lor by the altitude of our celestial |M)Ics. 

64. The planet Waus i*- next in order, being the 
first above the Earth's orbit. Ills dislanee frtmi the 


Sun is computed to be 125,000,000 of miles; and by tra\cHing at 
the rate of 47,000 miles c^ery hour, as in the circle 
he goes round the Sun in (586 of our days i^id 23 
hours, which is the length of his year, and eontuin.s 661 ’’ of his 
days; every dav and night together being 40 minutes longer 
than with us. Ilis diameter is 4,444 miles; and by hi.s diurnal 
rotation the inhabitants about his equator arc carried 536 miles 
every hour. His quantity of light and heat is (‘quid but to on^ 
half of ours; and the Sun appars but half as big to him afi 

65. This planet being but a fifth part so big as the Earth, if 
any moon attends him, she must be very small, and has not yet 
been discovered by our best telescopes. He is of a ficry^ red 
colour, and by his appuiscs to some of the fixed 
nhoc^d stars, seems to be encompassed by a very gross ai- 
mospherc. He appars sometimes gibbous, out ne- 
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ver horned, which both shews tliat his orbit includes the Earth's 
within it, and that he shines not by liis own light. 

66. To Mors, our Earth and Moon appear like two Moons, a 
bigger ami a li'ss; changing places with one another, and ap¬ 
pearing hoinetinics horiicd, sonictiincs lialf or thre^e quarters 
illuminated, but never full; nor at most above one (quarter of a 
degree from each olhea^ although they are 21,000 miles asunder. 

67. Our Earth appears almost as big to Mars us ^ 

Venus does to us, and at Mars it is never seen above other pla- 

48" from the Sun; sometimes it appears to pass over "ct* «PP«»' 
... . , , - \ to Mars, 

the disc oi the Sun, and so do Mercury and Venus; 

but Mercury can never lie seen from IMars by such eyes as 
ours, unassisted by proper instrumenls; and Venus will be as 
seldom seen as we s^e Mercury. Jupiter and Saturn are as 
visible to Mars'as to us. Ills axis is jierjiendicular to the ec¬ 
liptic, and Ills orbit is two degrees inclined to it.** 

68. Jri'TTLu,^ the Inggcit of all the planets, is . 
still higher in the system, being about 426 millions 

of niile.s from liie 8up : and, going at the rate of 25,000 miles 
every hour in Ins orbit, as in thceircley, finishes ^ 
his annual period in ele\en of our years 614 days 
and 12 hours, lie is above 1000 times as big as the Earth, 
for his diameter is 81,000 miles; which is mure than ten times 
the diameter of the Earth. 

69. Jupiter turns round his axis in 9 hours-56 The num- 
nuniites, so that liis year contains 10,470 da^s; and berofd»y» 
the diurnal velocity of his e(}uutunal parts is greater *y*“* 
than the swiftness with which he uioves in his annual orbit; a 
singular circumstance as far as we know*. By this prodigious 
quick rotation, his c(|uatorial inhabitants are carried 25,9^0 
mi]e.s every hour, (w hicli is 920 miles an hour more than on 
inhabitant of our Earth’s equator moves in 24 hours), besides 

J(the 25,000 alx)ve inentiuncd, which Ls common to all parts of 
I 'nis surface, by liis annual motion. 


* About the commencement of the picsent century, within the space of a ftw years, 
four new planets, Cuuks, Patlas, .Trsro, and Vesta, have been added to the 
solar system. They are placed between the orbits of Mon and Jupiter, and difibr 
from the otlicr bodies of the system in their size and appearance, as well as in the 
form and puution of their orUts. Sec the Supplementary Chapter, on the New Fla- 
ncts—AU 

' See the Supplementary Oiapter, on the Discoveries respecting Jupiter and Sa¬ 
turn, 
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Hb bdu Jupter is surrounded by faint substances, 

and Bpoti. called belts, in winch so many changes appear, that 
they are generally thought to be clouds; for some of them 
have been first interrupted and broken, and then have vanished 
entirely. They have sometimes been obsen-ed of different 
breadths, and afterwanls have all l)econic* nearly of the same 
breadth. Large s|x>ts have been seen in^hese Ik'U.s; and when 
a belt vanishes, the eoiitigiious sjx)ts disapjK'ar with it. The 
broken ends of some belts have been generally observed to re¬ 
volve in the same time with the spots, only those nearer the 
equator in somewhat less time than those near the |xiles; per¬ 
haps on account of the Sun’s greater heat near the equator, 
which is parallel to the l)elt>« and course of the spots. Several 
large spots, which appear round at one time, grow oblong by 
degrees, and then divide into two or three round sjK)ts. The 
periodical time of the sp>ts near the e({uator is {)’* /JO™, but of 
those near the poles, 9‘' 56™. See Dr. Smith’s Optics, 1004, 
et seq. 


He hu no dupiter is s<» nearly perpcndictilar 

change of to his orbit, that he has no sen.Mble change of sea- 
*“““** sons; which is a great advantagi*, and w’lsdy order¬ 
ed by the Author of nature: for, if the a\i.') of this planet were 
inclined any considerable number of degrees, just so many de¬ 
grees round each pole would in their turn be almost .six of our 
years together in darkness. And, a.s each degrw of a great 
circle on Jupiter contains 706 of our miles at a mean rate, it is 
easy to judge what vast tracts of laml wouitl be rendered unin¬ 
habitable by any considerable inclination of his axis 

72. The Sun appears but part so big to Jupiter as to us; 
and his light and heat are in the same small projxirtion, but 
buthMfour compensated by the quick returns thereof,'and by 
*®®‘*®*’ four moons (some bigger and some less than our 
Earth) which revolve alxiut him: so that there is scarce any 
part of this huge planet but what is during tlie whole night en¬ 
lightened by one or more of tliese moons, except his poles, 
whence only the farthest moons can be seen, and where light is 
not tliere wanted, because the Sun constantly circulates in or 
near the horizon, and is very probably kept in view of both 
poles by the refraction of Jupiter's atmosphere, which, if it be 
like ours, has certainly refractive power enough for that pur¬ 


pose. 
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73. The orbits of these moons are represented iu 

the scheme of the solar system by four small circles rioda round 
marked 1, 2, 3, 4, on Jupiter's orbit V; but they *^“P^*“* 
arc drawn fifty times too large in proportion to it. The first 
) moon, or that nearest to Jupiter, goes round him in 1** 18'* and 
36"* of our time, and ‘is 229,000 miles distant from his centre: 
the second performs its*revolution in S'* 13** and 15***, at 364,000 
miles distance: the third in 7** 3** and 59***, at the distance of 
380,000 miles: and the fourth, or outermost, in 16** 18** and 
30"*, at the distance of 1,000,000 of miles from his centre. 

74. The ancles under which the orbits of Jui)i- „ .. 

, ” 1 . ■ 1 - Parallax of 

ter h nKxms are seen from the Larth, at its mean dis- their orbita, 

lance Irom Jupiter, arc as follow’: The first. S' 5" ; wd distance* 

,thc second, 6' 14"; the third. O' 58"; and the fourth, he*a^* 

17'30". And their distances from Jupiter, mea- F^^tobw 

sured by his semidiameters, are thus: The first, 5j ; 

the second. 9; the third, 14J| J ; and the fourth, 25J*.® This 

planet, seen from its nearest moon, appears 1000 times as large 

ns our liltxm dot's to iiti, waxing and waning in all her monthly 

shapes cvcr>’ 42J hours. 

75. Jupiter's three nearest moons fall into his sha- x,^ogrand 
dow, and arc eclip.sed in every revolution: hut the di>covcn« 
orbit of the fourth moon is so much inclined, that rehptcof Ju- 
itpasseth by its opposition to Jupiter, without fall- pueAmoons. 
ing into his shadow, two years in every si.v. By tliese eclipses, 
astronomers have not only discovered that the Sun's light takes 
up eight minutes of time in coming to ii.s; but they have also 
determined the longitudes of places on this Earth with greater 
certainty and facility than by any other method yet known, as 
shall be explained in the eleventh chapter. 

76. The diflorence between the equatorial and po- 

l^r diameters of Jupiter is 6230 miles; for his cqua- ferenra be* " 
Mrial diameter is to his polar, as 13 to 12; so that 
' Vis polcs^ arc 3115 miles nearer his centre than his ^lar tbame- 
equator is. This results from his quick motion 
round his axis; for the fluids, together with the 
light pardcles, which they can carry or wash away witli them, 
recede from the poles which are at rest, towards the equator, 
where the motion is quickest, until there be a sufficient number 


, * Caasuii EUmau iCAstroitoaiUf liv, ix, chip. S. 
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accumulated to make up the deficiency of gravity occasioned 
by the centrifugal force, which always arises from a quick mo- 
tion round lun axis: and when the deficiency of weight or gra> 
vity of the particles is made up by a sunicient accumulation, 
there is an equilibrium, anil the c(|uatoria] parts rise no higher. 

The differ a \ cry small planet compared 

ence litde in to Jupiter, and its motion on its axis being much 
OUT slower, it is less fiattene<l of course; i*or the difier. 
ence betwevn its etpiatorial and iMjlar diameters is 
only as 230 to 220, namely, 36 miles.^ 

Plwe of hU Jupiter’s orbit is 1 20' iiiclintHl to the eclip- 

tic. His north node is in the 7 of ('ancer, and his 
south node in the 7'' of Capricorn. 

78. Sati'iix,* the most remarkable of all the pla¬ 
nets, is almut 780,000,(K)0 of miles from the Sun ; 
and, travelling at the rate ol' 18,000 miles every hour, a** iii the 
j circle marked b) performs its aimual eireuit* in 20^ 
167** iUul .j** of our lime, which makes only one > ear 
to that planet. Its diameter is 67.000 miles, and therefore it 
is near 600 times as big as the Kartn, 

Plate I, plants'* ts siirrouiuled by a thin broad 

Fig. 5. ring, as an artificial gltibe is by a iioruon. The ring 
Hui nng. apjK'ars double when seen thioiigh a gtKid telesco|K», 
and IS represtTited by the figure in such uii oblujuc view as it is 
generally seen. It is ineliiud 30' to the ecliptic, and is about 
21,000 miles in breadth, which is e(|ual to its distance from 
Saturn on all siiles. 'i'here is reason to believe that the ring 
turns round its axis, Ixcause, when it is almost edgeways to us, 
it appears somewhat thicker on one side ol‘ Uie planet tlian on 


Saturn. 


'* Accnnling to tiic ]‘'rcncti mca-Hurcii, a degree of tlic meridian at the equator con¬ 
tains ;t40,(;0G.S}{ French ft-tt; and a degree of the meridian in Lapland contain! 

3 M,627-40: so that a degree in I^apland is 4,020.7- French feet (or 4,280.02 £rq- 
libh feet) longer than a degree at Uie equator. The difference u ^Vs P*0‘t> of 
English luilc. Ifcnte, the earth's equatorial diameter contains .*10,386,106 F'rencii 
feet, or 4) .026.3.i6 Knglish, and the polar diameter 30,202,020 Fr(.ich feet, or ^ 
41,731,272 Knghsh.* So that flic equatorial diameter is 105,084 Knglish feet, 
36,018 Knghsh miles longer than the aaia. 

' See the Supplementary chapter in Vdl. ii, on die new discoverici concerning 
Jupiter and Saturn, Ac. 

• 

t From .1 loinjiariwin ti( iiii* length of itillVKiit degm« of the meridian lately measurtrit itap- 
jwan that tlir ciiiiipTc»sion ai Iht- F^rtli'H pole* iii only l-3(XKh: and aince the diameter of tha earth 
at the equator i*T.93i English miln, iti diiainetcr at the polei will be?,908 nulct, and the diflbicnoe 
between thne dtamrtnt 26 milet.—£<t. 
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the Other; and the thickest edge has been seen on different 
sides at different times. But Saturn having no vi.sible spots (mi 
his body, whereby to determine the time of his turning round 
hks axis the length of his da>> and nights, and the po.sition of 
yiiis axis, are iiiiknovMi to ns. 

80. To Saturn, the Sun appears only Jtli part so jiisfiv* 
big as to ns, and the light and beat he receives from »>oons. 

the Sun are in the same j)roj)orlion to ours. But to compensate 
fur the small quantity of sun-light, he lias five moons, all going 
round him on the outside of his ring, and nearly in the same 
plane with it. The first, or nearest moon to Saturn, goes 
round iinii in 1** SI*’ 19*", and i.s 140,0(X) miles from his centre: 
the see<»nd, in 17** ■iO"', at the distance of 187,000 miles: the 
third, 'in 4*^ IJ!** 25'", at 200,000 miles distance: the fourth, in 
lo"* 22** 41'", at tile (li^taiitv of‘ 000,000 miles: and the fifth, 
or outermost, at 1,800,000 miles from Saturn’s centre, goes 
round niin m 79'* 7*' 48'". Their orbits in the ,, , 

rig. 1. 

scheme nl’ tlie sular .system are repre.-s.mteii by the 
five sniall eirele.s, niarkud 1, 2, 0, 4, 5, on Saturn’s orbit; but 
these, like the orbits of the other satellites, are drawn fifty times 
too large in pro)K)rtioii to llie orbits of their jiriinary planets. 

81. 'J'he Sun shines almost 15 of our years together on one 
Side of Sat urn’s ring uitliout setting, and as long on the other 
in its turn; so lliat the riim i.^ lisible to the mhahiiants of that 
planet for almost 15 of our year.'^, and as long invisible by turns. 


if its axis has no incliiialion to its ring; but if the uih avis pro- 
axis of the iilanet he inclined to the ling, .suppose bablyinclined 
about 30the nng will appear and disapjiear once “**‘'’^“8' 
every natural day to all the inhabitants within 30^ of the equa- 
tor, on both sides, fmjuently eclipsing the Sun in a Saturnian 


day. IMoreover, if Saturn’s axis be so inclined to his ring, it is 


perpendicular to his orbit, and thereby the inconvenience of 
different seasons to that planet is avoided for, considering the 
iangth of Saturn’s year, which is almost etjual to 30 of ours, 
what a dreadful condition must the inhabitants of his polar re¬ 


gions be in, if they be half that lime deprived of tlie light and 
heat of the Sun .J* which is not their ca.«ie alone, if the axis of the 


* The axib of Sntiirn u prrpcndictilir to the plane of hii double ring, wludi re¬ 
volves along with (he pluiet in lO** Id*” ^^Ed. 
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planet be perpendicular to the ring, for then the ring must hide 
the sun from vast tracts of land on each side of Uie equator for 
13 or 14 of our years together, on the south side and north side 
by turns, as the axis inclines to or from the Sun : the reverse of 
Mhich inconvenience is another gtsul presumptive prwif of the ^ 
inclination of Saturn's axis to it^ ring, and also of his axis being 
perpendicular to his orbit. • 

Howthering Saturii, appears like a 

i 9 P«ntoSa> vast luminous arch in Uie heavens, as if it did not be- 
tornandtous. planet. When we see the ring most 

open, its shadow upon the ])lanet is broadest; and from that 
time the shadow grows narrower, as the ring a})])i‘urh it» do to 
us; until, by Saturn's annual motion, the Sun comes to the 
plane of the ring, or even with its edge; which being then di¬ 
rected towards us, lu-coine.s iinisible on account of its thinness, 
as shall bi' explaiiu'd more largely in the tenth chapter, and 
In whatMgnb illustrated by a iigure. The ring disappears twice in 
S«tum ap- every annual revolution of Saturn, namely, wlieii he 
^ring*, and *** ^be ID’ IkHIi of Pisces anti (»f Virgo. And when 
to what signs Saturn is in the middle between these }K)ints, or in 
moTt tbe 19“ either of Gemini or of Sagittarius, his ring 

appears most open to us; and then its Uingest dia¬ 
meter is to its shortest, as 9 to 4. 


Xo 1 tb ^*'^**' ours, unassisiecl by instru- 

Satumcanbe nioiits, Jupiter i.s the only ]ilaiu‘t that cun be seen 
•ttnfrom.Iu- from Saturn, and Saturn the only ])lanet that can 
from’"satum be Seen from Jupiter; so that the inliabitants of 
besides .lupi- these two ]>lanets must either Ne'e much farther than 
we do, or have equally gotul instruments to carry 
their siglit to remote objects, il’ they know that there is such a 
body a.s our Karth in the universe: for the Earth is no bigger 
seen from Jupiter, than his moons are seen from the Earth; and 
if his large Ixidy had not first attracted our .sight, and })romptcd 
our ciiriositv to \ iew' him w'ith a telescope, w'c should never 
have know n any thing of hi.s mixins, unless by chance we had 
direc'ted the telescope toward that small part of the heavens 
where they were at the time of observation. And the like is 
true of the nicsms of Saturn. 

' Pbee of Sa. 84. The orbit of Saturn is inclined to the 
tura’i node*, ecliptic, or orbit of our Earth, «id intersects it in 
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the 21” of Cancer and of Capriconi; so that SatiimV nodes are 
only 14” from Jupiter's, g 77.® 

85. The quantity of light afforded by the Sun g 

J^ipitcr being but 3 *, part, and to Saturn only Ughj 
/part, of what we eniov; may at first thought in- wonger on 
ducc us to ix'lu*\e that tlieso two planets are entirely Satum than 
unfit for rational being-e to dwell iiiMm. But, that ” K^ncially 
their light is not so weak as we imagine, is eMileiit 
from their brightness in the night-time; and also from this 
remarkabh'phenomenon, that when the Sun is so much eclips¬ 
ed to us, as to have only tlu* 40th ]>art of his disc left unco¬ 
vered by the jMoon, the decrease of light is not very sensible : 
and ju'-t at the end of darkness in total eclipses, when his 
w'estern limb begins to be 'v isible, and seems no bigger than a 
^it of fine siher*wire, every one is surprised at the brightness 
wherewith that small part of him shines. The Moon, when 
full, afRirds travellers light enough to keep them from mis¬ 
taking their wa\ ; and yet, according to Dr. Smith,* it^is 
crpial to no m«ire than fj 90,000th part of the light of the Sun: 
that is, the Sun's light is 90,000 times as strong as the light of 
the moon when full. Consequently the Sun gives 1000 times 
as much light to Saturn as the full moon docs to us, and above 
3000 times as much to Jupiter; so that these two planets, 
even without anv in(x>ns, would be much more enlightened 
than we at first imagine; and by having so many, they may be 
very comfortable })laccs of residence. Their heat, so far as it 
depends on the force of the Sun’s rays, is certainly much less 
than ours, to which no doubt the Iwdies of their inhabitants 
are ns well adapted as ours arc to the seasons w'c enjoy. And 
if we consider, that Jiqnter never has any winter, even at his 
poles, which probably is also the case with Satum, the cold 
cannot be so intense on these tu’o planets as is generally ima¬ 
gined. Besides, there may be something in the nature of their 


mould warmer than in that of our Earth : and we . „ . 

« , , , , - , All our neat 

find that all our heat depends not on the rays of the depends not 

Sun; for if it did, we should always have the 3 ame ®'"* ‘ 

• I rays. 

months equally hot or cold at their annual returns. 


’ In the year 1781* Dr. Hcrsdiel discovered a new planet, without die orbit of Sa-* 
turn, and called it the Geot^um Sidutiy in honour of his late majesty. A lull account 
of this discovery wQl be found in the Supplementary diapter on the New Planets.— 

* Optics, Art. 95. 
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But it is far otlierwise. for February is .sometimes warmer 
than May; whicli must In; owing to vajiours and cxlialatioiis 
from the earth. 


86. K\ery person lodks upon .ind compares the systems 
of moons together, whleli l>eloijg to .Tiipiter ami Saturn, must 
be amazed at the vast luagiutude of these tu(» planets, ,uul the 
noble attendanee they ha\e in respeel wl' onr hllli* I'iarlli ; and 
can never bring hmi.self to think, that uii iniiiuteiv "ise creator 
should dispose of all his annuals and vegetable.s liere, lea\ing 
the other planets hare ami destitute of rational creatures. To 


It it highly 
probable that 


sup|)ose that he had any \iew to our benefit, in 
creating these moons, and giving them their motions 


•Qiheplaneu mund J iipiter and Saturn; to imagine that lie in- 
aieialubiti!d. , , , , » i i 

tended these vast Ixnlies itir any ad\.nitagi‘ to us. 


when he well Icnew that fhev eould neAer he seen Init b\ a few 


astronomers |X'epiiig through leleseofvs; and that lie gave to 
the planets regular returns of days ami nights, and different 
se^iadkis to all where they would Ik* eon\enit>iii, but of no man¬ 
ner of sorviee to us, except only what vnimediati regards our 
own planet the Earth; to imagim*, I sav, that he did all this 
on our account, would be charging him inipionslv i\ith liaving 
done much in vain : and a.s absurd, as to imagine that he has 
created a little sun and a planetary .system within the shell of 
our Earth, and iijteiuied them for our use. The.se considera¬ 
tions amount to little less than a positive pnxif, tliat all the 
planets are inhabited : for if they are not, why all this care in 
furnishing them with so many moons, to supply those with 
light which are at the greater distunccs from the Sun 'i Do we 
not see, that the farther a ])laiiet is from the Sun, the greater 
apparatus it has for that purpose.save only Mar.s which be¬ 
ing but a small planet, may have moons t(Mi small to be seen 
by us. We know that the Earth goe.s round the Sun, and turns 
round its own axis, to produce the vicissitudes of summer and 
winter by the former, and of day and night by the latter mo¬ 
tion, for the liencfit of its inhabitants. May we not then fairly 
conclude, by parity of rL*a.son, that the cml and de.sigii of all 
the other planets is the same and is not lliis agreeable to 
the beautiful harmony whii'h exists throughout the universe ? 

* Surely it i.s; and raises in us the most inagnifieeiit ideas of the 
Supreme Being, who i.s e\ cry where, anti at all times present; 
displaying his pow'er, wisdom, and goodness, among all his 
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creatures ! and distributing happiness to innumerable ranks of 
various beings! 

87. In Fig. 2, we have a view of the proportional Pig. 2. 
breathli of the Sim's face or disc, as seen from the How the Sun 

.^difforent planets. The Sun is represented \o. 1, as dirffercnV* 
seen from Afercurv ; \o. 2, as seen from Venus; planets. 

No. 3, as seen from ll*e ICarth ; Ncn I, as seen from Mars ; 
No. 5, as seen from Jupiter; .ind No. C, ar» >een fnan Saturn. 

lA't the circle B be the Sun sis seen fi-oni any ^ 
planet at a given distance; to another planet, at 
double that di'»tanco, the .Sun will ajipesir ju&t of half that 
breadth, as A; which contains only o»»c fourth part of the area 
or surlace of i?. For, sill circltN, a- well as square surfaces, 
are to one another as the s(juare<! of their diameters. Thus, 
*lhc .square A is’jusfhalf jis broad a» the square B i ^ ^ 

and yet it is plsiin to •'ighl, that B contaiii.s four 
times as much mrlace as A. Hence, by comparing the dia¬ 
meter's of the abine circles (Fig. 2) together, it will lie found, 
tlint in round numbers, the Sun ajipears seven tiine.s larger to 
Mercury than to ils, 90 times larger to us than to Saturn, and 
C30 limes as large to Mercury as to Sjiturn. 

88. In Fig. 5, Me lunc a view of the bulks of the 

1 ^ . , , , Fw. 5. 

planet.s m pro{Hirlion to e.ich other, and to a .sup- 

po.sed globe of two feet diameter for the Sun. The propoitioial 
Fartli is 27 times as big as Merenrv, very little big- 
gcr than Venus, 5 times as big as Mars; but Ju- theplaneu. 
pitcr is 1019 times as big ns the Earth, Saturn 586 
times as big, exclusive of liis ring; and the Sun is 877,650 
times as big as the Fiarth. If the planets in tliis figure wrere 
set at their due distances from a sun of two feet diameter, ac¬ 
cording to their proportional bulks, as in our system. Mercury 
would be 28 yards from the Sun's centre; Venus, 51 yards 1 
foot; the Earth, 70 yards 2 feet; Mars, 107 yards 2 feet; 

^•Jupiter, 370 yards 2 feet; and Saturn, 760 yards 2 feet; the 
comet of the year 1680, at its greatest distance, 10,760 yards. 
In this propirtioii, the Moon’s distance from the centre of the 
Earth wQuld be only 7^ inclics. 

89. To assist the imagination in forming an idea ^ 

of the vast distances of the Sun, planets, and stars, their dit- 
let us suppose, tliat a Ixitly projected from the Sun 

should continue to fly M'ith the swiftness of a cannon-ball, i- 
480 miles every hour; this body would reach the orbit of Mer- 
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cury in 7 years SSI days; of Venus, in 14 years 8 days; of 
the Earth, in 19 years 91 days; of Miu'.s, in S9 years 85 days; 
of Jupiter, in 100 years S80 days; of Saturn, in 184 years 
840 dav.s; to the comet of 1()80, at its pre.itext distance from 
the sun, in 2660 year^; and to tlie nearest ii\eti Ktar.s in qjxnit 
7,6tK),000 years. 

90 . As the Earth is not in the centre of the orbits 
in which the planets move, they conic nearer to it 
and go farther from it at different tnne.s; on which 
account they appear bigger and less by turns, 
lienee, the apparent magnitudes of the planets are 
not always a certain rule to know them by.'* 

91 . Under Fig. 3, are the name.'* and cliar.iclcr> of the 12 
signs of the zoiliac, which the reader hliould lie perfectly well 
acquainted with, so as to know the character, without seeing 
the names. Each sign contains 30°, as in the circle 
bounding the solar .system, to which the characters 
of the signs are set in their j)ro|x*r places 

92. The f’oMFTs are solid qjiaipie liodies with long 
trans|)arent trains or tails, issuing from that .side 
which is turned away from the Sun.'' I’liey move alxiut the 
sun in very eccentric ellipsi's, and are of a much greater density 
than the Earth; for sonic of them are hcateil in cry period 
to such a degree, as would vitrify or disMpatc any substance 
know'D to us. Sir Isaac Newton computed the heat of the 
comet which appeared in the year 1680, when nearest the Sun, 
to be 2000 times hotter than retl hot iron, and that lieing thus 
heated, it must retain its heat mull it conic's round again, ah 
tliough its period should bc‘ more than 20,000 years ; and it is 
computed to lx? only 575. The method of computing the heat 
of bodies, k(?eping at any known distance from the Sun, so far 
as their heat clepcnd.s on the force of the Sun's ra^’s, is viery 
easy ; and shall be explained in the eighth chapter. 


Fig. 1. 


The comets. 


^ The planets may be distinguished from one another by their diflererc'* of colour, 
and some of them by theu position with regard to the Sun. The ]:^net Venua 
emita a beautiful white light; riie twinklea when she ia not far from the Sun, and 
can never be seen above three or four hours after sun>aet; die ia therefore to be 
looked for in the western part of the horizon after the Sun aeta, w in the eaatern part 
of it before he riaea. Mara is of a red Cery colour, and apparently not ao laigc aa 
Venus and Jupiter. .Jupiter shines with a white light, but is not so bright aa Ve- 
Bua. Saturn appears less than Jupiter, and is of a dark red colour, but not so brlU 
liaat aa MarB.~-£dL 

* See the .Supplementary chapter on Comets.->£d. 
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93. Part of the paths of three comets are delinc- f ^ 
atcd in the scheme of the solar system, and the Fig> t* 
years marked in which they made their appearance. It is be¬ 
lieved that there are at least 31 comets belonging to Ttiej pram 

moving in all sorts of tlirections: and ^ 

•all those which have been observed, have moved pisneu m 
through the ethereal regions, and the orbits of the 
f^anets, without suffering the le^ sensible resistance in their 
motions; which plainly proves that the planets do not move in 
Holiil orhs. Of all the comets, the periods of the pgriodi 
.aliove incnlioncd three only are known with any dc- mdj of three 
gree of certainty. The first nf,ihese comets ap- 
pear(>d in the yenrs 1531, 1607, and 1683; and is expected to 
appear again in the year 1758, and every 75tli year afterwards, 
^i'he second of them'appeared in 1533 and 1661, and may be 
expected to return in 1789, and every 139th year afterwards. 
The third, lun ing last appeared in 1680, and its period being 
no less than 575 years, cannot return until the year 3325. ffThis 
comet, at its greatest distance, is about 11,200,000,000 of miles 
from the Sun; and at its least distance from the Sun's centre, 
which is 49.000 miles, is within less than a third part of the 
sun's si'inidianieter from the surface. In that part of its orbit 
which is noarc.st the sun, it flies with the amazing swiftness of 
880,000 miles i| an hour; and the Sun, as seen from it, ap¬ 
pears 100° in Iweadth; consequently 40,000 times as large as 
he appears to/fs. The astonishing length that this They pio«e 
comet runs out into empty space, suggests to our 
minds an idea of the vast distance between the Sun meoBe dit- 
and the nearest ^xed stars; of whose attractions all 
the Lomets must keep clear, to return periodically, and go 
rqpnd the Sun; and it shews us also, that the nearest stars, 
/^ich are probably those that seem the largest, are as big as 
our Sun, and of the same nature with him; otherw^ they could 
>not appear so large and bright to us as they do at such 'kn im¬ 
mense dktance. * 

94. Tne extreme heat, the dense atmosphere, the 

gross vappurs, the chaotic state of the comets, seem dn»a from 
at first right to indicate them altogether unfit for the 
purposes of animal life, and a most miserable habita¬ 
tion rational beings; and therefore some^ are of opinion 

* htt. WhiHBB»ia his A rtr oii w i i M / Wa cyfit qf JMtfow. 
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that they are so many hells for tonneuting tlie damned with 
perpetual vicissitudes of heat and cold. But when wc consider^ 
on the other hand, the infinite power and goodness of the 
Deity; the latter inclining, die former enabling, him to make 
rreatures suited to all states and circiiinstaiuvs; ex¬ 

ists only for the sake of intelligent beings; aiuf tliat wherci’er 
we find it, we always find it pregnant )v>di life, or necessarily 
subservient thereto; the niitnberlcss species, the astonisliing di- 
venaty of animals in earth, air, water, and even on other ani¬ 
mals; every blade of gra.ss, twery tender leaf, cm'I'v natural 
fluid, swarming with life; and every one of these enjoying such 
gratifications os the nature and state of each recpiires. AVhen 
we reflect, moreover, that, some centuries ago, till eN|)erience 
undeceived us, a great jiart of the Kartli was judged uninha¬ 
bitable ; tlic torrid /.one, by rea.sou of eveesswe heat, and tiif 
two'frigid zones, because of their intolerable cold; it sc>enis 
highly probable, that such iiumenms and large masses <»f du¬ 
rably matter as the comets are, however unlike they be to our 
Earth, are not destitute of beings ca|uible <d’ c<mtemplating with 
wonder, and acknowled^ng with gratitude, the wisdom, sym¬ 
metry, and bt'auty, i>f the creation ; which i.s inort' plainly to 
be obsared in their extensive tour through the heavens, than 
in our more confined circuit. If farther amjccture is jicnnit- 
ted, may we not suppisc them instrumental '/i recruiting the 
expended fuel of the Sun, and supplying the exjjausted moisture 
of the planets ? However difficult it may be, circumstanced as 
we are, to find out Uieir particular destination, this is an un¬ 
doubted truth, that wherever the Deity exerts lus power, tliere 
be also manifests his wisdom and gvxxlness. 


Thuantem 



"ttaUe. 


95. The solar system here described is not a late 
invention ; for it was known and taught liy the->''ise 
Samian philosopher Pythagoras, and others among 
the ancients: but in latter times w'as lost, till the 


15th centuiy, when it was again restored by the famous Polish 
philosopher, NiBolaus Copernicus, who was bom at ^hom in 
the year 1478. In this, he Was followed by the greatest ma¬ 
thematicians and philosojdiers that have since lived; fa Kepler, 
Galileo, Descartes, Gassendus, and Sir Isaac Newton; ;thc last of 


* whom has established this system on such an everlasting founda- 
iMMief matheiBatical and pliyncal demonstrafioii, as can never be 


diaktii: and none who undentand him can hesitate about it 
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96. In the Ptc^emean system, the Earth aras sup. 

pwed to be fixed in the centre of the universe; and inniiV>- 
that the Moon, Mercury, Venus, the Sun, Mars, 

^pitcr, and Saturn, moved round die earth: above the planets, 

the firmament of stars, and then the two 
Crystalline spheres; all which were included in and received 
motion from the primhm mobile, which constantly revolved 
about the enrth in hours from east to west But as this 
rude scheme was found incapable to stand the test of art ttid 
oliscri alion, it was soon rejected by‘all true philosophers; not¬ 
withstanding the opposition and violence of blind and zealous 
bigots. 

97. The Tychonic system succeeded the Ptole- The lycho- 
mean system, but was never so generally recaved. 

fn this the Earth* was supposed to stand still in the pitOy 
centre of the universe or firmament of stars, and the 
sun to revolve about it every 24 hours; the planets, Mereuiy, 
Venus, Mars, Jupiter, and Saturn, going round the Sun in the 
times already mentioned*. But some of Tycho's disciples sup¬ 
posed the earth to have a diurnal motion round its axis, and 
the Sun, with all the above planets, to go round the Earth in a 
year; the planets moving round the Sun in the foresaid times. 
This hypothesis, being partly true and partly false, was em¬ 
braced by few; ind soon gave way to the only true and la- 
tional system, rntored by Copernicus, and demonstrated by Sir 
Isaac Newton/ 

98. To bnng the forcing particulars at once in view, with 
several others which follow, concerning tiie periods, distances, 
bulks, &c. of the^lanets, the following table is inserted. 


^..vil^ontanni, dw ftind ind dkdpk of T^dw, rappoited s hjpodiaia dif. 
pfrat fttuD tliese, and appioaehuig neanr than the rat to dta ayatem of Copotnieui. 
ne maintained widi Ptdemy, that flw Earth waa the oentn the uniraae; and 
with Tycho, that all the pbmeta revolved round Ae Sun, placed in one of Ae fba 


dl^eir dliptical oAita: but he held vriA Gbpemieua, that the diunial moAm of Ao 
heavenly baAea oraae fiom the lotatira of Ae EatA upon Hi asia, and Aoi got rid 
of one of theVrangeat dbjeedona to Ae eyatoa of lua fidind and master. ThH ayi* 
tomeKplaina.ln aaatiefiirarr manner. aUtfaeeenenlaBtranomioal phenfleicna.- - lgd. 



A Tab1.B of the Petiode. Revoliidoiu, Magnitudea. &e. of the PUneU. m furmerly computed by Aetnnomen. 
nasily tivi fion the San, m detennined cdjuemtioiis of the tnout of VenoSf-u the year 170^ oM § 194> 
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t THE COPEKXTCAK SYSTEM OEMOVSTBATED TO BE TEVE. 

‘99- Matteiv is of inaclive, and indifTerent to or matter 
motion or rest. A Ixid^ at rest can never put itself moUoo. 
in motion ; a btxly in motion can never stop or move slower of 
itself. Hence, when we see a l)ody in motion, we conclude srilne 
other sub''tance must have ^ven it that motion ; when we see a 
IxKiy fall from motion to rest, we conclude some other body or 
cause stupt it. 

■ 100. All motion is naturally rectilineal. A bullet thrown by 
t^e hand, or discharged from a cannon, would continue to move 
in the same direction it received at first, if no other power divert¬ 
ed it from its course. Therefore, when we see a body moving in 
a curve, of w’haiever kind, we conclude it must be acted upon by 
two })uwcrs at le.'ist: one to put it in motion, and another draw¬ 
ing it offfron) the rc'ctilincal course in which it would otherwise 
have continued to mtvve. 

101. The |Kiw'er by wliicli luidies fall towards the Gfavity de- 
l^artb, is calledor attrnciion. By this power 
ill the Karlb it is that all Inidies, on whatever side, fall in lines 
perpendicular tdfits surface. On opposite parts of the Earth, 
laKlicM fall in o’lposite direction.s, all towards the centre, where 
the whole for'j^ of gravity is as it were accumulated. By this 
power constdfitly acting on bodies near the Earth, they are kept 
from lcaving-,^altogether; and those on its surface are kept 
thereto jn alllMes, so that they cannot fall from it. Bodies 
throwp/vith any obliquity arc drawn by this power from a 
s^f&ght line into a curve, until they fall to the ground: the 
^cater tlie force by which they are thrown, the greater is the 
distance they are carried lK>^re they faU. 4 jlf we suppose a body 

g ral mile8<Qvbove the Earth, and there projected in an 
lirection, with so great a velocity that it would move 
i semidiametcr of ihe Earth, in the tiou? it would take 
e Earth by gravity; in that case, if there were no 
edium in the way, the body would not fall to the 
1 , hut continue to circulate round the Earth, keeping 
el ways the same path, and returmng,ito the point from whence 
It was projected, with the same velocity as at first. 
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Moon moveg round the Earth in 
ferae denon- an orbit nearly circular. The Moon, therefore, must 
be acted on by two powers or forces; one of which 
would cause her to more in a right line, another bending 
motimi from that line into a curve. ThiaattitM'*^‘^^^pc'^'^»’''*«* 
be seated in the Earth, for thm is no other body within the 
Moon'^a orbit to draw her.* The attractive power the Earth, 
therefore, extends to the Moon; and, in combination with her 
prcjectile force, causes her to move round the Earth in the same 
manner as the circulating body above supposed. 

Hw San nod moons of Jupiter and Saturn ore oh. 

^etsnttnct served to move round their primary planets: there, 
orah other, there IS an attractive power in these planets. All 
the planets move round the Sun, and respect it for their centre 
of nmtioD: therefore the Sun must be endowed witli an attract, 
ing power, as well as the Earth and planets. The like may lx> 
proved of the comets. So that all the bodies or matter of the 
solar system are possessed of this power; and perhaps so is all 
matter whatsoever.* 

104. As the Sun attracts the planets with their satellites, and 
the Earth the Moon, so the planets and satellites i-eattract the 
Sun, and the Moon the Earth; action and reaction being al- 
way» equal. This is also confirmed by obsep’ation; for the 
Moon raises tides in the ocean, and the sateHtes and planets 
disturb one another's motimis. 

105. Every particle of matter being poasessev'^ of an attract, 
jng power, the effect of the whole must be in proportion to the 

> If the Mood revolra in her oilnt, in eoneequenceof ui n.inettng p-orer reridtng 
in die SUrth, ebe ong^ to be nttneted m much feom the tnngent of, orbit in • 
minute, h heeej bodiei fell at the £arth*a aurfeoe in n aeoond of tune. 'A 'Mrd. 
ing^ 7 , it it feund by calenlalinn, tfafe (he Moon is deflected feom the tangnt, 16.«,'> 
feet in s miniite, wUdi is the tuy ipsee throng vhkh heavy hodi i i s dmernd in a mk 
cond of tima at the Earth's y u fee a. E d. 

* The doctrine of aniwiil gravitation lias baen eompjipely proved by the devis^Ijn 
of the plumb Koae of qoadmnti ftom the perpendicular, when placed 'uie vidnity 

of large and adlid moontalna. Wha the Frendi astronomen, Bou^er and Con. 
dnmine, wen in Pera, thqr feond thnt the Imge mountain Chimboraec. attracted the 
pbanb line of the quadrant 8'' feom Ho perpendicular podtioii { and i iqipean ftom 
Db Maskdyne'a eaperimentson fifeloHini in Ferthiliiie, that the dcviftioD 
* in diia case to 8*. Set FhiL Tmaa. 177^, IxT, p. S. Mr. CavAididi auapoi. 
dad by • viietvo laaden baHa, fined at the exticmtdei of a vroodea rjd, and found 
ifem wen soMibly atine^ irim MOlatgeauiNSsriSMl w.vplsoedatdif. 
fiat distsDcei fam thmi mmEi 
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numlwr of attracting particles: that is, to the quuititj of maU 
tor in the body. This is demonstrated from expeiiments pn 
pendulums: for, if they arc of equal lengths, whatever thw 
weights be, they always vibrate in equal times. Now, if one 

of another, the force of gravity or attrac¬ 
tion must be douule, to make it oscillate with the same celerity: 
if one is thrice the weight or (juanUty of matter of another, it 
requires thrice the force of gravity to make it move with the 
same celerity. Hence it is certun, that tlie power of gravity is 
always }iro]xulional to the quantity of matter in bodies, what¬ 
ever iheir bulks or iigures are. 

lOG. Gravity also, like all other virtues or emanations, either 
drawing (»r imiiclling a IxxJy towards a centre, decreases as the 
s{]uare of tlic distance increases: that is, a ,body at twice the 
distance attracts another w'ith only a fourth part the force; 
at I'our times the distance, with a sixteenth part of the force. 
I'liis trK> is coiiHrmod from observation, by comparing the dis¬ 
tance winch the M(M>n tails in a minute from a right line touch¬ 
ing her orliit, with the.s]>ace which liodies near the Earth fall 
ill the same time (sc>c 102, note): and also by comparing the 
fones which retain .Jupiter's moons in their orbits. This will 
be more fully explained in the seventh diapter. 

107. The mutual attraction ofbotlies may be exem- _ , . 

- -- • 1 1* 1 ^*11 GfAvitatioB 

plihed by a iKictf and a ship on the water, tied by a and 
rojie. Let a man, cither in a ship or boat, pull the ^ a«npli- 
TO})e (it is tliiysame in effect at which end he pulls, 
for the {op^^ll be equally stretched throughout),^t}ie ship and 
boat will b^rawn towards one another | but with this differ¬ 
ence, th^thennat will move as much faster tlian the ship, as 


the sl^ is heavier than the boat. Suppose the boat aa-heavy 
(he ship, and they will draw one another equally (setting aride 
the greater resistance of the water on the lugger body), and 
meet in the middle of thfe first distance between tlicm. If the 
'^shigis 1,000or 10,000 times hcuivier than the boat, the boat 
willSriawn 1,000 or lOjOOO tim« fast^ than the ship; and 
meet pisportionably nearer the place from which the ship set 
out. N(w, whilst one man pulls tlm rope, endeavouring to 
bring tbaship and boat together, let anotlier man, in the boat, 
endeavow to row it (df sldewaye, or at right angles to the rope; * 
and die Armer, iostead of bring able to dnw the boat to the 


ahip, will ^d it enough for him to keep ^ boat from going 
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fiirther off; whilst the latter, endeavouring to row off the boat 
in a straight line, will, by means of tiie other's pulling it towards 
the ship, row the boat round the ship at the rope's length from 
her. Here the power employed to draw the ship and Ixiat to 
one another, represents the mutual attraclioi ^^ ..-^ 
planets, by which the planets would fall fnvly toward!, the l^un 
with a quick motion; and w'ould also in falling attract the Sun 
towards them. And the pow'er employed to niw off the boat, 
represents the projectile force impressed on the planets at right 
angles, or nearly so, to the Sun's attraction; by which means 
the planets move round the Sun, and are kept from failing to 
it. On the other hand, if it l)e attempted to make a heavy diip 
go round a light boat, they will meet sooner than the ship can 
get round; or the slop will drag the Ixxit after it. 

108. Let tlie above principles be applied ‘to the Sun and' 
Barth; and they will evince, beyond a jxiHsibility ui' doubt, tiuit 
the Sun, not the Earth, is the centre of the system; and Umi 
the Earth moves round the Sun a.s the other planets di». 

For, if the Sun mo^ t‘s about the Earth, the Earth's attractive 
pow’er must draw' the Sun towards it from the line tjf proji'clion, 
so as to bend its motion into a curve. But the Sun being at 
least 227,000 times os heavy as tlie Eartli, In being so iiuieh 
weightier, as its cjuanlity of matter is greater, it iiuist move 
227,000 times as slowly toward the Earth, askthe Earth does 
toward the Sun; and, consequently, the Eariit would fall to 
the Sun in a short time, if it had not a very st^wiig ]>rojectile 
motion to copy it off. The Earth, therefore, asNyell as every 
other planet in the system, must have a rectilineal mpulse, to 

The ab uid 1‘alling into the Sun. jrfiy, Jiat gr&. 

it 7 ofsttppi». vitatiem retains all the otlier planets in theu^ orbits 
ing the Earth ^-ithout affecting the Earth, which is placed bt^i*^n 
at rot. orbits of Mars and Venus, is as absurd as far sup-’ 

pose that 6 cannon bullets might be projected upwards to difl 
ferent heights in tlie air, imd that 5 of them should fall dow» 
to the ground ; but the 6tli, which is neitlicr the hifd est nor 
the lowest, should remain suspended in the air withoir falling, 
and the Earth move round about it. ^ > 

109. There is no such thing in nature as a heavy b|idy mov. 
*ing round a light one as its centre of motion. A pebtte fasten¬ 
ed to a mill-stone by a string, may, by an easy impuls^ be made 
toconrolate round the miU-itone; but no impulse can make a 
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mill-stone drculate Touncl a loose pebble, for the mill-stcHie 
would go off, and carry the pebble along with it. 

110. The Sun is so immensely bigger and heavier than the 
|Earth, (see chap. IX), that if he was moved out of his place, 

but all the other planets, if they were united 
nnto one mass, would be carried along with the Sun, as the peb¬ 
ble would be with the mill-stone. 

111. By considering the law of gravitation, which takes place 
throughout the stdar system, in anoUier light, it will be evident 
that the Karth moves round the Sun in a year, and not the Sun 
round the Earth. It has been shewn (§ 106) tliat .xhelumnoiiy 
the |X)Wtr of gravity dccreasi's as the st[uare of the ofttwcdatiil 
distance inercases; and from this it Ibllows with ma- “®**““* 
thcinalicai certainty, tliat when two or more bodies move round 
"another as their 'centre of motion, the squares of their periodic 
times a ill he to one anotlier in the same proportion, os the cubes 
of their distanees irom the central body. This holds 
precisely wtli regartl to the planets round the Sun, 

and the satellites rounc^ the planets; the relative distances of all 
which are well known. But, if we suppose the Sun to move 
round the Earth, and compare its period wiUi the Moony’s by 
the above rule, it nill be i'ound that the Sun would take no less 
tlian 176,510/luys to move round the Earth, in which case our 
year would be times as long as it now is. To this we may 
add, that the aspects of increase and decrease of the planets, the 
times of their,^seeming to stand still, and to move direct and re¬ 
trograde, a^wer precisely to the Eartlfs motion; but not at all 
to the Siir^withqpt introducing the most absurd and monstrous 
suppositTOs^Vr^ch woyld destroy all harmony, order, and rim- 
plicity^n the system. Moreover, if the Earth be supposed to 
’still, and the stars to revolve in free spaces alxmt the 
Earth in £4 hours, it is certain that the forces by which the stars 
revolve in their orbits are not directed (b die Earth, but to the 
'^n^s of the several orbits; that is, of the several aimudi- 
paiultblf'^rcles which die stars on different sides of ty of suppot- 
the equiior describe every day; and the like infer- 
cnees may be drawn from the supposed diurnal mo- move nmnd 
tion of tu planets, ance they are never in the eqiii- **** 
noctial bat twice, in dieir courses with regard to the ^arry hex*' 
vens. jrat, that forces jihould be directed to no central body, 
on which they physically depend, but to innimierahle imaginaiy 
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paints in the axis of the Earth pitxluml to the poles of the hea¬ 
vens, is an hypothec too absurd to be entertained by any ra¬ 
tional creature. And it is still nuM« absurd to- imagine, that 
these forces should increase exactly in proportion to the distances 
from this axis; for this is an imlication of an iii CT^ .c^itainfinky 
whereas Uie force of attraction is found to decrease in recediiifr 
from the fountain from whence it flows. But the farther any star 
is fnnn the quiescent pole, the g^reatcr must be the orbit whicii 
it describes; and yet it appears to go round in the same time as 
the nearest star to tlie pole does. And if we take into considera¬ 
tion the two-fold motion observed in the .stars, one diurnal niiiiul 
the axis of the Earth in 21 hours, and the other n)iind the axis 
of the ecliptic in 2o,920 years, § 251, it would rt'qiiire an ex¬ 
plication of such a.per|>lexcd composition of forces, as could by 
no means be reconciled with any physical theofy.’ 

Olijectioini There is but one objcctioii of any weight that 

can be niaile against the Earth's inolioii round tlic 
tio&witwer. Sun; which Is, th.it in up}x>site points of the Eartirs 
orbit, its axis, whicli always keeps a |)arallel direc¬ 
tion, would point to different fixtxl stars, which is not found to 
be fact. But this objection is easily removed, by considering 
the immense distance of the stars in respect of the diameter of 
the Earth's orbit, the latter l)cing no more than a ]X)int when 
compared to the former. If we lay a ruler dji the side of a 
table, and along the edge of the ruler view the n*}) of a spire at 
10 miles distance, then lay Uic ruler on the oppoSUe side of the 
table in a parallel »tuation to wliat it had before, wd the spire 
will still appear along the edge of the rulcr,^becaiv*^ our eyes, 
even when assisted by the best instruments, are^ivapaC^ ofdis- 
tinguidiing so small a change at so great a distance. 

IIS. Dr. Bradley, our present astronomer royal, has Ich'icil 
by a long series of the most accurate observations, that there is* 
a small apparent motion of the fixed stars, occasioned by tlic 
aberration of their light, and so exactly answering to on annual 
motion of the Earth, as evinces the same, even to ^’fnathe- 

* The ttiQurig dUFerenee between the light of die fixed lUn mid that of the planete, 
u n strong |RQof that dw formerehine by thdt own light, and have nl connection 
^with out qfilein. The lustre of the etor Siriut u mneh more InilliAt dwn that 

Jlfermiy snd Feiiiw, whidi rcoeno moot light from the Sun ; nnd w Sjtiits is 
Ay Btanted without the orlnt of the Owigiinn Sidui. TUn mm al- 
Sgrent diflhnnco betwoea r^fieeUd or bommed eadidiet which is 
I; u • GOMidecable^iuiatiqr of light if lost by 
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madcal demonstration. ' Those who are qualified to read the 
doctor's modest aconint of this great disooreiy, maj consult 
the Philosophical Transocdons, No. 406. Or th^^may find 
jt treated of at laige Drs. Smith,* Long,* Desaguliers,* 
fflr.tberfu7tii^lllf{’. Maclaurin,* and M. de la Ciulle.^ 

114. It is true that the Sun seems to change ^ ^ ^ 
place doily, so as to mflke a tour round the starry Son appean 
heavens in a year. But whether the Sun or Earth 

moves, this appearance will be the same; for, when 
the Earth is in any part of the heavens, the Sun will appear in 
the np]K><site. And therefore, this appearance can be no objec¬ 
tion against the motiem of the Earth. 

115. It is well known to every person who has sailed on 
^ smooth water, or been carried by a stream in d calm, that how¬ 
ever fast the vessel goes, he does not feel its progressive motion. 
The motion of the Earth is incomparably more smooth and 
uniform than that of a ship, or any machine made and moved 
by human art: and therefore it is not to be imaged that we 
can feel its motion. • 

116. Wc find that the Sun, and those planets on _ .. 

,. , . .... j ^ • TheEarth’s 

which there are visible spots, turn round their axes, motion on 

for the spots move regularly over their discs." From 
hence we may reasonably ctmclude, that the other 
planct.s on whjich wc see no spots, and the Earth, which is 
likewise a plar^Ct, have such rotations. But being incapable of 
leaving the Eartli, and viewing it at a distance, and its rotariem 
being smo^h and uniform, we can neither see it move on its 
axis as the planets, nor feel ourselves affected by its 

motion.^ Yet^ere is one effect of such a motion, which will 
enabl/us to judge with emtainty whether the Earth revolves on 
*{E axis or not. AU globes which do not turn round their axis 
will be perfect spheres, on account of the equality of the weight 
of bodies on their surfaces; especially of Ac fluid parts. But 
is^ij^obes whi^ turn on their axes will be oblate spheroids; 
Aat isy'^Aeir surfaces will be higher, or farther from the centre, 


^ * Aatnnomy, b. 2, § S3B. 


3 Optiedb. 1,§1178. 

* Philoaphy, voL i, p. 401. . 

* Aadvnt of Newton'i PhikMoiA. Dboowies, b. S, & 2, § A , 

* Elinwiti’Aitronoiiiio, § 881. 
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in the equatorial than in the polar regions; for, as the e(]ua. 
toiial parts move quickest, they wtii recede farthest from the 
axis of mhtion, and enlarge the equatorial diameter. That our 
Earth is really of this figure, is denionstraUe from tlie uiie(|UHi 
vibrations <iS a pendulum, and the unequal lejjgth!^' dcgm*s 
In different latitudes. Since then the Eartli is higher at the' 
equator than at the poles, tlie sea, which naturally runs diuin- 
w'ard, at towards the places which are nearest the centre, would 
run towards the polar regions, and leave the equatorial parts 
dry, if the centrifugal force of these parts, liy winch the waters 
were carried thither,'did not keep them from returning. I'he 
Earth's equatorial diameter is 36 miles longer than its axis '* 

AH i>^.- Bodies’near the poles are heavier than those 

heavier at the towards the ecpiator, iK'cause tluy are nearer the 
Earth's centre, where the whole‘foicb of the Karih's 
be at the attraction is accunuilattsl. Tlu'V are also heavier, 
equator. |)ecause their centrifugal force is less, on account of 
the'ir diurnal motion Ix'ing slovtcr For both these realms, 
bodies carried from the jxdes tovtnrds %he tspiator. griulimIK 
lose part of tlieir weiglit. FXjKriments prove that a fH'iidiilum, 
which vibrates seamds near the {xiles, vihiates slovter near 
the equator, whith shews that it is lighter, or less altiatied 
there. To make it oscillate in the sinie tune, it is found nen -u 
sary to diminish its length By coin]>anng the difrerent leiigilis 
of pendulums swinging seconds at the equator a^d at London, 
it is found that a ]X‘ndulum iiuist be iliWo !>»<»> shorter at the 
equator than at the poles.* A line is the twelftliVpart of an 
inch. /’ 

118. If the Earth tunif'd round^s axl^in 81“ 
43% the centrifugal force would lie equal o the 
power of gravity at the e(]uator; and all bcxlThs*^ 
^ere would entirely lose their weight. If the Earth 

revolved quicker, they would all fly off and leave it. 

119. A persem on the Earth can nb more be 
rible of its undisturbed motion on its axis, *tiat one 
in the cabin of a ship on smooth water carl be sen- 


How th^ 
might low 
uD tlieir 
wd^it. 


The Earth'* 
motioD cu- 
Dot befidt 


Sec g 70, note. 


\ 


* By emnpuing obaenmtien* mide at Para and Spitriiergen, thc'lilsiigth of a 
paedahOB at the aqnator » 460.027 Iibm Engh*h, and (he leng^ of a iAtiduhim at 
fhr pids4jri*d69 lina, no that a pendulum muit be S|Vk% Imn Pinglw ihortn at 
(he ewiator than at the polei.—Ed. * 
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sible of the ship's motion when it turns gently and umformly 
round. It is therefore no argument agdnst the Earth's diurnal 
moUon, that we do not feel it; nor is the apparent rmrolutions 
the celestial bodies every day, a jftroof of the reality «f theqe 
motions; r«>i*w<>hi^her we or they revive, the appearance is the 
very same. A person looking through the cabin windows of a 
ship as strongly fanciei^ the objects on land to*go round when 
the .•ihiptunis, as if tliey were actually in motion. 

1^20. If we could translate ourselves from planet to planet, 
we should still find that the stiu*s would appear tX the same 
magnitiidi's, and at the same distances from each other, as they 
do to us here, l>ecaiii$c the widtli of the remotest planet's orbit 
bears no sensible projxirtion to the distance of tlie stars. But 
tlu'ii, the heavens would seem to revolve about very different 
axes, and <*oiist*«fiien(ly, those quiescent jxnnts, which ^ 
are our |N}les in the heavens, would seem to revolve ferent planett 
afmut other points, which, though a])parcntly in ino- 
turn as seiMi from the Earth, wtiuldlieat rest as seen tum nwnd 
from nil V oi her iiianet.* Thus the axis of Venus, 
whieli hei almo^t at right angles to the axis of the 
Earth, x\oitid ha\e its motionless poles in two opposi^ points 
of the heavens lying almost in our equinoctial, where the mo¬ 
tion apfK’iirN quickest, because it i.s seemingly performed in the 
greatest circle. And the very poles, which are at rest to us, 
have the quickest motion of all as seen from Venu.s. To Mars 
and Jupiter the heavens ap{)car to turn round with very dif¬ 
ferent velocities on the same axis, whose poles are about 
from ourh^\Wore we on Jupiter, we should be at first amased 
at the r^id motion of the heavens; the Sun and stars going 
round ‘in 9*^ 56"*. ('ould we go from thence to Venus, we should 
be as much surprised at the slowness of the heavenly motions; 
the Sun going but once round in 584", and the stars in 540". 
And could wc go from Venus to the Hiloon, we should see the 
bey^s tum round with a yet slow'er motimi, the Sun in 708", 
the star: in 655". As it is impossible these various circumvor 
lutions n such different times, and on such different axes, can 
be real, ^ it is unreasonable to suppose the heavens to revolve 
alxiut oiw Earth more than it does about any other planet.^ 
When ‘UK reflect on the vast distance of the fixed stars, to 
whidi Iw,000,000 of miles, the diameter of the Earth^s orbit, 
is but a poiiit, we are filled with' amazement at the immensity 
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of their distance. But if ire tiy to frame an idea of the ex¬ 
treme ra|ndity with which the stars must more, if they move 
round the Earth in S4 hours, the thought becomes so muck 
too big for our imagination, that we can no more cunedve k 
than we do infinity or eternity. If the Sun ijis^ go round 
the Earth in S4 hours, he must travel upwards of 300,000^ 
miles in a minute; but the stars being at k^t 400,000 times 
as far from the Sun as the Sun is from us, those about the 
equator must move 400,000 times as quick. And all this to 
serve ho other purpose than what can be as fully and much 
mure amply obtained by the Earth's turning round eastward, 
as on an axis, every 24 hours, causing thereby an apparent 
diurnal motion of the Bun westward, and bringing about the 
alternate ‘returns of day and night. 


Objactiaa* 



arul mo. 


121. As to the common objections against tlic 
Earth's motion on its axis, they are all easily an¬ 
swered and set aside. That it may turn w'ithout be- 


tioiMiuver. ing seen or felt by us to do so, has been already 
shewn, § 119- But .some are apt to imagine that, if 


the Barth turns eastward (as it certtunly does, if it turns at all), 
a balUBted perpendicularly upward in the air must fall con¬ 


siderably westward of the place it was projected from. The 
objection, which at first seems to have some weight, will be found 
to have none at all, when we consider that the gun and ball 


partake of the Earth's motion; and therefore the ball being 
carried fonnurd with the air as quick as the earth and air turn. 


murt faU down on tiie same place. A stone let ffdl from the 
tiq» oi a main-mast, if it meets with no obstacle, i dls on the 
as near the foot of the mast when the 8hip<&uls as .when it 


does itot.' If an inverted bottle, full of liquor, be hungiup to 
the ceiling of the calnn, and a small hole be made in the cork 
to let the liquor drop through bn the floor, the drops will fall 
Just as fiir fo^ard on the floor when the ship sails as when it is 
at rest. And gnats or flies can as easily dance among one an- 
other in a moving cabin as in a fixed chamber. As for those 
scripture expresaons which seem to contradict the EaAh's mo¬ 
tion, this general answer may be made to them all, vis. it is 
plain from many instances, that the scriptures ware (feever in- 
tonded to instruct us in philoscqihy at astronomy; anifl there- 
foM, on those subjects, expresnons are not always t^fibe tdceo 
in sense, but for tike most port as accominikdated to 
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the common appreheiunons of mankind. .Jdoiof Benia in aU 
ages, when not treating of Uie sdencea purpoeely, have fiilbwed 
tikis method; and it would be in vain to foUow any other in 
yldressing ourselves to the vulgar, or bulk of any community. 
■Muses calls the Moon a great luminary (as it is in the Hebrew) 
as well as tlie Sun: but tlie Moon is known to be an opaque 
laxly, and tlie smallest that astronomers have observed in the 
iK'avens, and shines upon us not by any inherent,light of its 
own, but by reflecting the light of the Suii. If Moses had 
know'n this, and told the Israelites so, they would have stared 
lit him; and considered him rather as a madman, than as a 
jxTson commissioned by the Almighty to be th^ leader. 


• • • CHAP. IV. 

TllK ruaXOMKN'A OF THF IIEAVEHS AS SEEN FBOM DIFFEBENT 

PABTS OF THE EAKTH. 

122. >1 E ai-e kept to the Earth's surface on all sides Weire Iwpt 
by the jHiwer of its central attraction, which, laying totheEuth 
hold of all bodies according to their deiiidties or S*”**^’ 
(|uaiitities of matter, without regard to their bulks, constitutea 
what we call their weight. And having the sky over our heads, 
go where we will, and our feet towards the centre of the Earthy 
w‘e call it up over our heads, and down under our feet; al¬ 
though the some right line whidi is down to us, if continued 
tlmiugh ain< beyond the oppodte dde of the Earth, would be 
up to tliymnb^tants on the oppodte side. For, the inhabi- 
taiiLs », i, e, m, 0, g, I, stand with their feet toward the 
Earth's (‘ciitre C; and have the same figure of sky u, 

JV, /, £f Mf St O, Q, Lf tltdr heads. There^ *• 
fore, the point «$' is as directly upward to the inhaUtant s on 
the south pole, os is to tlie inhabitant o on the north pole; 
50 is'^ to the inhabitant e supposed to be on the north end of 
Peru; ai.d Q to the oppodte inhabitant ^ on the middle of the 
Island Sufnatra> Each of these observers is sur- 
prised \hi his oppopte or antipode can stand with 
his head lan^ng downwards. But let either gq to the other,' 
uid he wM him that he stood as upright and firm on the 
place wheA he was, as he now stands where he is. To all these 
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<lne r m» the Suiv Moon, and stars seem to turn round the 
Adtaron Itoiiits ^ and the poles of the 6xed axis iSrCiS; 
• fceoMse the Earth does really turn round the ma- 
themadcal line nC* as round an axis, of which 
the aor^ pide, and s the south pole. The inhabitant f/ 
affirms,'that he is on the uppermost side of th^ 
Earth, and wonders how another at L can stand 
on the undermost side with his head hanging downwards. But 
17 in the meantime forgets that in 12 hours time he will lie car- 
lied half round with the Earth, and then be in the very situa¬ 
tion that L now is, although as far from him as before. And 
jet, when U comes there, he will find no difference as to his 
manner of standing; only he w'lll see the opposite half of tlie 
heavens, and imagine the heavens to ha\o gone half round the 
Earth. • 


Hdv wr When we Si'C a glolie hung up in a mom, we 

cannot help imaging it to Itavc an up}K*r and an 
par nd ^ under tide, and immediately form a like idea of the 
Earth; froiti whence we coqeludc, Uiat it is as im- 
postiUe for people to stand on the under side of the Earth, as 
far pebbles to lie on the under tide of a common globe, whicli 
instantly fall down from it to the gmund ; and well they may, 
because the attraction of the Earth licing greater than the at¬ 
traction of the glolic, })ulls them away. Just so would ho the 
case with our Earth, if it were placed near a globe much bigger 
than itself, such as Jupiter, for then it would really base an 
upper and an under side with respect to that large globe, which, 
by its attraction, would pull away every thing froip^he side of 
the Earth next to it, and only those on the toptRt tl^ opposite 
or upper tide could remain upon it. But there is no larger 
globe near enough our Earth to overcome its central attraction, 
and therefore it has no such thing as an upper and an under 
tide; fiir att.bodiea on or near its surface, even to the Moon, 


{ppNvhate towards its Centre. 

121. Let any man ima^ne that the Earth and eveijthing 
but himself is taken away, and he alcme in the midst of in¬ 


definite 8|Nioe; he could then have no idea of up or down; and 
were his pockets full of gold, he might take t^^^a one by 
* opoe^ and throw them away gn all tides of him, wimoivt any 
of losing them; the ettraction of his my would 
afl back by the wi^ they'went, and^lre would be 
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down to mtty one of them. But tiMlH if or «tgr other, 
large body vere created* and filaaMi nl Mypactafaf^ iteecal 
mUibiM o£ milea fiom hiid» heivoildd be attrtictettowaidbi^ 
a^d could not save hhiitelf from faUii^ doarii to it , . 

185. The Earth's bulk is but a fiotnt* te that at fhttit « 


C compared to the heavens; and thadbte ajffjr itt* ^ 
liabitajit upon it* let him be 'vhere he will, te at«, e, m, s, && 
sees half of the heavens. The inhabitant« ou the» north polo 
of the Earth, constantly sees the heBiisphote ElfQi. and havii^ 
the north*poie N of the heavens just over hisihead? Idp hinoan^ 
coincides with the celestial equator EOQ. There- ^ 
fore all the stars in the northern hemisidiere ENQi Ittvaai ^ 
between the equator and north pole, appear to turn 
round the line NCf moving parallel to the horizon, uijrim of 
Trhe equatorial *stu% keep in the horizon/ and all ^ 
those in the southern hemisphere ESQ are invisible. The ike 
phenomena are seen by the observer s on the south pole, wi^ 
respect to tlie hemisphere ESQ^ and to hun the opposite hemis*> 
phere is always invihibla. Hence, under cither pole, only one- 
half of the heavens is s'ecn; for those parts which are once vi- 
sible never s^t, and those n^hich are once invisible never rise. 


But the ecliptic TCJT, or orbit which the Sun appears to de- 
senbe once a-year by the Earth's annual motion, has the half 
VC cmistantly above the honzem ECQ of the north pde n, and 
the other half CX always below it. Therefore, FhmMouw 
whilst the Sun deserdies Ae nmrtham half FCof the 


ediptic, he nrither sets to the north pole nor rises to the aoqllll) 
and whilst he describes the soutlmm half CX, he neith» sets to 
the south pde, ncHr rises lb the north. The same thiv^ are 
true vrith respeet to the Moon, only widi this diffesenoei tfaet as 
the Sun describes the ediptic but once a-ycar, hetsifar half that 
time vidble to each pole in its tnm, and as long hnrhable; bat 
as the Moon goes rpoad the ediptic in 87* dbeiaaii^ ddhle 

for 18* 18*^* and as long invinblo. to eadk pole by turns. MM 
the plinets hkewiae Sise and set to the peka* beeause^K* 
oibits are eut obliqiid^ in halves by f|ie htldson of*tife pdee, 
WbiB the Sun (in Ins apparent way from Jt) arrives at 
whidt is en the 80tib of Mai^, hd is just ridfl|g to an obaeStver 

at a Bocth pdew end'setting loanctiiev at #un tha aeutb* 

\ , i# * ^ .'♦/y t 

1 Tht ottjU imt dsia»ss?vrisi%i)(|} te ti te ^ * y mm 
MNuid, W stOdih vkidi «d{H « w piSMndisafw Im 
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pdbi Frau C he pees higher and lii^cr in every apparent 
dinmiil wwdutwwi he comei to the highest puiat the 
y, 'OH the Slat of June, and then he it at his greatest 
Ktitiide, which it S!8|*, or the arc equal to his greatest 
north dedination; and from thence he seems to descend gra¬ 
dually in every apparent circamvulution, till he sets at C on 
the 2^ of Septramer, and then he goes to exhibit the like ap¬ 
pearances at die south pole for tlic other half of tlie year. 
Bence, the Sun's apparent motion round the Earth is not in pa- 
rdld ehdes, but in qiirals, sudi as might be represented by a 
thread wound round a globe jbom trojHC to tropic, the spirals 
bang at aome distance from one another about the etpiatur, 
and gradually nearer to each odicr as they approodi tuwaixl die 
trofnes. 

126. If the observar be anyifrh^* on the terres- 
at dh trial equator eCg^ as suppose at r, he is in tlie plane 
of the celestial equator, or under die equinoctial 
^ ECQ ; and the axis of die Earth nC.t is coincident 

with the plane of Ins horizon, extended out to N 
and Sf the north and south poles of the heavens. As the Earth 
tnms round the line NCSy the whole heavens AJfOLI scent to 
turn round the same bnc, but the contrary wi^. It is ])lain 
diat this observer has the celestial poles oornttandy in his ho- 
mmi, and that his horizon cuts the ditimal paths of all the 
cdeatial bodies papendicularly and in halves. Therefore the 
Sun, planets, and stars rise every day, and ascend pcrpendicu- 
Ipil^ above the horison for 6 hours, and pasnng over the inc'ri- 
diai^ descend in die same manner for the ax hours following; 
then set in die horizon, and continA 12 boon below it. Con- 




aequwdy, at the equatm* the days and mghti are equally Jong 
thsiougb^ the year. When the bbserva’ is in the situation r, 
he sees the faemiqphere SEN, but in 12 houra after he is cor- 
ned half round dut Earth's axis to q, and dmn the hemisphere 
dKl^beaxnes visil^ to him, and SEN dtsappeon. Thus we 
m that to an obeerrer at either of the onedialf of the 
aky isahmys an^ the other half never seen ; but toan 

flbierver on the bquator, the whele sky u seen every 24 hours. 

The figure hen referred* to represents a celeitivl glebe of 
*0mf hani^ a terrestrial within it^ after the* i^anBier of 
sphere invented % my gencvenf 'ftiend (Or, Long, 
iproftiiorofamf^ 
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127. If » globe be held siAswiti# tdt Ad qre aft 

gome ffietanoe, and so that nchto df ite f)d(eabfttl hi ***^^ * 
seen, Ae equator ECQ, and all ciniM paAlld to U, aa D£» 
jyseir, oA^, ilfO, &c. will appear to be icnight lines, as pnejetited 
in this figure, which is requiinte to bg mendonld bere^ b^ule 
we shall hare occaiion^to call them dlfcles in Ae Allo^ii^ ar.* 
tides of this chapter.* • ^ ", 

128. Let us now suppose that tlie observer h|i| 

gone from the equator e towards the north pole n, betvttb dw 
and that he stops at t, frtnn which place he th^ Aes 
the hemisphere MEJNL, his horiaon MCL having 
shifted as many degrees fttnn Ac odcsdal poles JST And «2, as he 
has travelled from under the equinoctial E. "And as the fasaTens 
seem constantly to turn round the line NCS as an axi^ aU those 
stars which *arc not so m.iny degrees from the north pob N as 
the obser\’er is from the equinoctial, namely, the stars north 
of the parallel DL, never set below the horison; and those whidt 
are Mmth of the parallel MO never rise aliovc it. Hence the 
former of^ these two partdici circles is called the drde of perpe¬ 
tual apparition, and the latter tlie circle of perpe> Thedidwef 
tual occultation, but oil the stars between these two perpetuil «p. 
circles rise and set every day. Let us imagine many 
drcles to be drawn l)el^ween these two, and parallel 
to them; those which are on the north side of tlic equinoctial 
will be unequally cut fay the hodcon JfCL, having larger posw 


tidns above the horiaon than bdow It, and the more so, as thev 
are nearer to the dreb of peqietual apparition; but the revtiw 
happens to those on the south ddk of the equinoctial, whilst the 
equinoctial is divided in two equal parts by the hotiAm. 
Hence, by the Apparent turning of ihc heavens, ftm norfhem 
stars describe giteder .ares or pCortions of drcles shove the hrs- 
rizon than below it; and*the greatef, os they Are farther from 
the eqmnoctiol towards Ae drde of petpetuanqqxiritsmi, 'lAslelt 
Ae contrary happApa to all stars nouA of (bt equinoctial; 'btit 
those upon it describe equal arcs both ffixnre and beUhr Ae lo^ 
riaon, and Aerefbm thqy are just as long abMfn os bdosy it. ** 
11^. An observer on the eqUAtor has no ditib of perpefASl' 

a * 


wiiftew to ■ yfw w .'p msS MMchieA yowaS^nwasr fbd* 
siiht ey AmJktm thU medu ytois, otSf m iiuSMi t m Htofni b lw i 



THE lAtxviMiit %iiE HEArxirt as SftCK cir. it. 

Aj^pftritkAi 4B* occulti^Aijii, betesfle nil the stiim» tc^ther Kith 
me Sun lad Mooil Use end set^ him every day. But, as a 
haxK view ef the o|fbiK II sufficient to shetr that these two 
drdes J)L and MO are just as Ikr from the poles N and S as 
the obsenrel' id l^or one ojqxMste to him at o) is from the equa¬ 
tor SCitJti tt St plain, that if an observer be|rin«tto travel from 
the equator towards dither pole, his chcle cxf perpetual appa¬ 
rition rites fqpm that pole as from a point, and liis circle of 
parpettisl occtHtadon fhnn the other. As the oh^nrver ad. 
vances towarAt the nearer pole, the^ two aides enlarni^ their 
diameters, and come nearer one another, until he comes to the 
pole, and then they meet and coincide in the equiiuKtial. On 
(hiferent ddes of the equator, to observers at equal distances 
from it, the drdle of perpetual apparition to one is the circle of 
perpetual occultation to the other. 

130. Because the stars never vary their distances 
from the equinoctal, so as to he sensible in an acte, 
die lengths oUl their diurnal and nocturnal arcs are 
always the same to the saftie places on the Karth. 
But as the Eartli goes round the Sun cverv venr in 
the eclipdc, one-half of ahidi is on the north side of 
the equinoctial, and the other half on its south side, the Sun 
appears to change his place every day, ^ as to go emee round 
the circle YCA' every year, § 114. Therefore, whilst tlie Sim 
iTObesn to advance nortbnard, from having described the prf- 
nmd a ft if touching the ecliptic in JT, the da\s continiiaNy 
%BgtheU and the nights shorten, until he comes to I”, and di*- 
aenbes the parallel ^ xr a*, alien the days are at the longest and 
"the mn^tB at the shortest; for then, as the Sun goes no farther 
mothKard,' the greatest pordon that is possible of the diurnal 
lutji/i»h above the horizon of the inhabitant i,. and the smallest 
pordem MSP bdotv it Ai the sun declincti southward fbom y, 
ne^^eicrtlMlhiuA^r ^liuitutl and greater noetumai ares, or por. 

of dllrdes eP<ery di^, Khkli causeth the diy» to shorten 
mid fki^ti to lei^ Mv Wdl he arrivea agdn at the parallel 
4tbXr whkh'&mng elily.the amsH part a ft above die horiron 
* MCL, and the Jpuat part ft Jf^beloK it, the da^r ilfe *it the 
> Ihartest, and the mghts at die longest, liteeause the Shu rc- 
no farther south, ht^ returna no r t h ward *a#lwfbre. It 
to aee that tha'S^ must Bo Ift die nqpipMdal ECQ 
yettf, and th^ the d^s and hi^hts are equally 
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lai^ that is 12 houn each. 1 !he» khili ssnre at present to 
giv£ an idea of some of the appesimnoBs i^andtiiiig ftam tiw^sno^ 
tions of the Earth, which will be mnm particulaily dcacic3)ad 
iq the 10 th chapter. 

121. To an obseiver at dWber pede, the boriaon i. 
and equinoctial are coinddent, and the Sun and stars ^ 

seem to move parallel toithe horizon; therefore such 
an olwerx'er is said to base a parallel podtion oC 
the sphere. To an gliae^Ter any where^ between eithsar pole 
and equator, the parallels described by the Son and stars 
are cut obliquely by the horizon, and therefinw be is to 
have an oblique poutimi of the sphere. To an obserrm* any¬ 
where on the equator, the parallels of motion described the 
bun and stars, are cut perpendicularly, or at ri|^t angles, by 
*thc horizon, and theiwfore he is said to have a right position i 
the sphere. And these three arc all the different ways that 
the sphere can be pouted to all people on the earth. 


CHAP. V 

a 

TUr rHCKOMEMA OF TKs'hEAVSHB AS SEEN FBOM DIFFERENT 
FABTS W THE SOLAS SYSTEM. 

183. So vastly great is the distance of the starry heavens, that 
If viewed from any part of the solar system, or even many mil¬ 
lions of miles beyond it, the appearance would be die vicy 
same to us. The Sun «nd stars would all seem to be fixed on 
oBe concave sur&ce, iff which the spectator's eye would be die 
centre. But the planots being much nearer than the stEmi 
their appeoranop will vqry oomadenHy trith the place freaa 
which tliey aae viewed. 4 . 

1S8. If dtejipecptimiapiestwidi^ odats, thapb- 
nets will leeBi to be at the came diaiai^ aa the ftan, but oi|i- 
dnually changi n g duqr places with reij^ to dm etap, and to 
one anpjber; asMHnigg various phases of imwipsn and d pr ia aa 
Ulw the Moon. li^withi^ding their pgular mpylpi 
about die Sun» trilt saeptedmes appear to mose qmeheri tame; 
dmeariqamr* to the me aalo the ept V Btui 

.andatthrirgktotogMiMapjemq 

dm^^poh^ In 
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iHttit theie digrctaoas and end, loould be more or icfe, 
iOBi r d i ng tt> the reK^KAive distaaces ot‘ the several planets fran 
dte Swi; but m the same jdanct tliey would continue invarialdy 
the same at all tames, like pendulums ol' unequal lengths oscU- 
lating together, the shorter move quick and go over a small 
space, the Itmger iiio\e sinw and go over a large space. If the 
observer is at rest v Uhm the orbits of die planets, but not near 
the oOUpDon centre, their apparent motions w'ill Ih* irregular, 
but less so than in Ui^ lunuer case. , Each of the seventl pla> 
nets will appear bigger und less by turns ns they afiproach 
nearer to or recede farther from the obsen'cr, the nearest vary¬ 
ing most in their axe. They aill also move quicker or slower 
with regard to the fixed stars, but will never be retrograde or 
rtaticmai}*. 

ISA. if an observer in motion \iew5 the hcaveiKs the same 
apparent irregularities will be cdiscrvcd, but with some varia¬ 
tion resulting iroin bis own nwtion. If he is on a jilanet which 
has A xotatiem on its axis, not being sensible of his own motion, 
he will imagine the whole heavens. Sun, planets, and stavii, to 
remlve about him iii die same time that his planet turns round, 
but the contrary w'av, and will not he eatily eoiniiiced of the 
deception. If his planet movcft round the Sun, the same irro- 
gularitics and aspects as above mentioned will appear m the 
motipus of the other planets; and the Sun will seem to move 
Among the fixed stars or rigns, directly opposite to those in 
which his planet mo\es, changing its place every day os he does, 
in A word, whether our cdiservcr be in motion or at rest, who* 
iher within or without tlie ortnts of the planets, their motiom 
Sfill seem irregular, intricate, and per|dexed, unless he is in tlm 
oe&tre of the ^stem, and from thmice the most beautiful order 
imd . harmony will be seen. 

The Son being the centra of all the pla- 
•xpww Am nets* motions, the only place firom which their mo- 
M l^ooa could be truly ceen, is the Sun's centre, where 
mr the observerlieiog auppoaed not to tuni kOBod with 
fheMTSie ^ S|iii>(which, in tiiia«8i%.ive mutt imagine to 
ftowtscMU be A tmnspfwent bodyb would’me ei thwetan at 
^ 04 •Mwigly «quidiM« Am Un.' To nieh 

gU dbeerver, the pliuiete would appear to Sbpve among jdiC fixed 
•tm^’in A wii|ple,^r^ular, and untfemmaffnirt^ only, that as 
ia tigukl tigses they describe equ^ eieas, ^ihey would describe 
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spM^ somewhat unequal, because they move in elliptic orbits, § 
155. Their motions would idso 'appe^ to be what they are in 
fact, the same way round the heavens, in paths which cross at 
small ansrles in different parts of the heavens, and thra separate 
a little from one another, § 20. So that, if the solai' astrono¬ 
mer should make the path or carbit of any planet a standard, 
and connder it as having np obliquity, § 201, he would judge 
the paths of all the |pt to be inclined to it, each {danct having 
one-half of its path on one side, and the other half on the op- 
pasite sidt' of the standard path or orbit. And if he sliould 
ever see all the planets start from a conjunction with each 
other,^ Mercuiy would move so much faster than Voius as to 
overtake her again, (thougli not in the same point of the heo* 
vens) in a quantity of time almost equal to 145 of our days 
and nights, or, hs we commonly coll them, natural dayi^ which 
include both the days and nights. Venus would move so much 
faster than the Earth, ^ to overtake it again in 585 natural 
days. The Earth so much iGistcr than Mars, as to overtake 
him agRiii in 778 such days. Mars so much faster than Juj^ 
ter, as to o\ertaKe him again in 817 such days; and Ju|nter so 
much faster than Saturn, as to overtake him again in 72^ day^ 
all of our time- 


136. But as our solar astronomer could have no . 
idea of measuring the courses o£ the planets by our ment Uua'a 
days, he would probably take the period of Mcrcu- 
ry, which is the quickest moving planet, for a mea- pn>ba% 
aurc to cfimpare the {leriodsof the others by. As all 
the stars would iqipear quiescent to him, he would 
never think that they had any dependence aipon the 
Sun; but would naturally imagine that the planets 
have, because they move round the Sun. And it is by no 
means improbable, tkEat he would conHude those planets, whaae 
periods are quickest^ to move in oriMts prapottioiiBldy km than 
dioac do wluch make slower eiicuks. But behig desdtiito ^af 


a method for finding thdr parallaxes, or, morptpiiopet^ ^pe4(- 
jng^ aa they could haife no parallax to Imoi be coidd nmer 


knoqr any thing of their ml distances or magmtiides. 

^ »•'few • . 

P vs> 4oe«t ametpsh s Mojunenm, m duu tte ip«m jImm mow 144 * 

fiU dM mf dimti (for duit wauld be imjpoadUe, oalew dw ia* 

Wmeden# sT all di4h dlim vke eohicident, vludi dwjr an noti lea 8 tl,) bvt 
wtitertwy veweiflia slim cwiiiaime%tMiderd Mbit Mfkhtasi4rv '* 
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relative distances he might perhaps guess at by their peAods, 
ipd from thence infor seething of truth concenimg their re¬ 
lative bulhs, by (;pmparing their app;ireiit bulks with one ano¬ 
ther. For example, Jupiter njipeaniig bigger to him than 
Mars he would conoliule it to he muih bigger in fact; liecause 
it appears so, and ulu^t he farther fixmi him, on amount of its 
longer period. JMeicury and the Earth would seem much 
of the Mtnic hulk, hut In comparing its wiod with the Earth's, 
he would conclude that the Earth is mfth farther from him 


than Mercury, and, conH‘(|uenUy, that it must he really big. 
gtr, thoughfapparenlly of the same bulk; and ^ of the rest. 
And as each planet would ajipear somewhat bigger in one )iari 
of its orbit than in the opjKisitc, and to mosc quickest when U 
seems biggest, the obsener would be at no loss to com hide 
that all the planets jcune in orbits, of which the JSun is not 
precisel}' in Uie centre. 

The i^uicu 137. The apparent magnitudes of the planets oon- 
tinuoUy change as seen from the Kai-tli, which de> 

laryimgular i i • i 

MMcnfraai tuopstrates that tliey approach nearer to it, and re- 
thc c^rth. farther from it by turns. From these jiheno- 

mcna, and their apparent motions among, the stars, they s(>oin 
to describe looped curses, wliich never icturn into theiiiM'lves, 
Venus's path excepted. And if we wore to trace out all their 
apparent paths, and put the figures of them together in one 
d*agram» they would appear so anomalous and confused, that 
no man in his senses could believe them to be rcprcsenuitions 
of their real paths’; but would immediately cuiurlude, that such 
apparent irregularities must be owing to some optic illusious. 
i^ad, after a good deal of inquiry, he might perhaps ba at a 
lois to find out the true cause td* these irregularities; especially 
if be were one of those who would rather, witli the greatest 


justice, charge frail man with ignorance, than the Almighty 
with being tl^ author of such confunon. 

^ ^38. X)r. Long, in bis first volume of Astronomy, 

SfRcotyud has given us figures of the apparent paths of all the 
lepre- pianeta, sqmratcly from Caswni; and on sesing them 
, , 1 fing tlioHght of attempting tnaoe adme of them 


by ^machine (the Orrvi^#t,the b^gwaing of the Plates) that 
afagirs the motions^ the Sun, Merciuy, ^fonna, the Earth, mid 
ipnp, according to the Ckipcroican qf ile^. living taken olT 
dHa Sn^rMerouiyt.wd Venu^ I pot Uitek lead peqdUs in their 
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places, with the })oints turned upward; and ftsed a drcular 
sheet of pastc-bourd so, tliat the Earth Icqit cxmstfotly under 
its centre in going round the Sun; end the pasto-board kept 
its parallelism. Then pressing gently with one hand upon the 
paste-board, to make it touch the three pencils, with the other 
hand I turned the winch that moves the whole madiinery: 
and as the Earth, together with the pencils in the places of 
Mercury and Venus, had their proper motions round i>i«te III. 
the Sun’s j)oncil, which kept at rest in the centre of *• 
the machine, fdl the three' pencils described a diagram, from 
which the fir»t figure of the tliird plate is truly copied in a 
smaller size. As the Earth moved round the Sun, the Sun's 
pencil described the ddtted circle of months, whilst Merciiiy's 
j>i>ncil drew the curve with the greatest number of loops, and 
Venus’s that wiA the fewest. In their inferior conjunctions 
they come as much nearer the Earth, or witliin the circle of 
the Sun's apparent motion round the heavens, as they go be¬ 
yond it in th(‘ir superior conjunctions. On each side of the 
Inop', they a]i}H>ar stationary; in that part of cad) loop next the 
Earth retrograde; and in all the rest of their paths direct. 

If Cassini’s figures of the pitlis of the Sun, Mercury, and 
Venus, were put together, tl|p figure as abpve traced out, would be 
oxacily like them. It represents the Sun'h apparent motion round 
the eelij^tic, which is the same Kery year; Mercury’s motion 
for seven yeora, jmd Venus’s for eight; in which time IMercury’s 
path makes ^(3 hxips, crossing itself so many times, and Venus's 
only 5. In 8 years Venus falls so nearly into tlie same appa¬ 
rent path again, as to deviate very little from it in some ages; 
but in what niimlier of years Mercury and the rest of the 
planets would describe the some visible paths over again, 1 
cannot at present dotcmiine. Having finished the above figure 
of the paths of Mercury and Venus, I put the ediptic round 
them as in the Doctor's book; and added the dotted lines from 
the Earth to the edipdc fbr shewing Meitury'a apparent og 
geocentric motion therein for one year; in whidi time his path 
makes three loops, kiKl gem on a little farther, which shews that 
he has diree inferior, wii. m many superior, conjunctions with 
the Sun )& that time ;> imd also that he is nautimes stationary,. 
and thrice rettc^|nMld? Jjtt us now trace hit motion fbr one 
yaarinthefigum^ % * 

Suppose*vifeMny to he setting out tiom J towards B 
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j, j (between the earth anil left band eorner t»f ibe plate), 

and ns seen from tlie earth. Ins motion wdl then be 

direct, or according lo the oidei ot tlu '•i»ns Hut when he 

ronieh to Ih he np])enrs to stand ••till ’m tin S?l of / at F, as 

<*hewn In the line li F. AVlidst ho eo > tn in />' lo (\ the line 
• * 

Ji Fy Mippos-‘d to mosv? snili him, ^»oe^ IvoKw.iid frmn F lo Ey 
or contrars to tin* oidi r of signs; nnd^ 1 ]ul) he is at hoap- 
j)cars statlunarV .!» hj\nir» gone back 11J Now, 

Jiim stattoMtir\ 'on the 1st of Januarv at (, t»i) the lOtli tbertsd' 
he will appear in the h«i\en‘« ab at iiO, near J\ on the JiOth he 
will be s*een os at Cr; on the .‘list at II; on tlic KHh of I’ebriiar^ 
at I; on the SOth at A'; and on the i28th at L ; as the dotted 
lines shew, which are drawn through esers 10th da>'b inotioii 
in hib luopt'd }iatli, and eontmued to the <*eli{)tie. On the lOlh 
of March he appears at M; on the 20th at F"i and*on the 01'•t 
at 0, On the 10th of April he appears btatiuiuiy at J*; on 
the 20th he bcems to have gone liack again to (>, and on tbt 
SOth he appears stationary at Q, having gone l)«u k 11J . Thus 
Mercurv 8ecm> to go forward 4* 11 , or 101 ; and lo go hack 
only 11® or 12®, at a mean rate. From the 00th of April to 
the 10th of May, he seems to mu^e iioin Q to It; and on the 
20th he is seen at A, going Airwrard^ in the same niannir agiuii, 
according to the order of letters, and hackw'ard when tbe> go 
hack; which it is needless to Explain any farther, os the reader 
can trace him out so easily, through the rest of the >ear. The 
aame appearances happen in Venus's motion; hut she inov'Cs 
dower than Mercury, there are longer intervals ol lime be¬ 
tween them. 

Having already, § 120, given some account of the apparent 
ditinial motions of the heavens as .seen from the difterent 
pibnets, we shall not trouble the reader any more witJi that 
ettfa§ect. 


CHAP. VI, 

9RS PTOtSHEAK SYSTEM J|0«MIES AV9 FBASES 

OV^^EECOEY AMD YEIIIIS EXFtAlMEA. « 

I * 

199^ The Tychouic ^stem, § 97> being dlSMtly tefu^ed by 
article, we shall say Bothing moiE about-lt. 
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140. The Ptolcinean system, § 96, which asserts the Earth 
to be at rest in the centre of the unrrerse, and all the planets 
with the Sun uiul stars to n>o\e round it, ib evidently false and 
absurd; lor, if tltis hypothesis were true, ISfercury and Venus 
could never be hid behind the Sun, as their cirbits arc included 
within the Sun\; and, again, these two planets would always 
. move direct, and lie a.s Often in opposition tf> the Sun as in con¬ 
junction with liiin. But the contrary of all this is true: for 
they ore ju>t ns often behind the Sun ns before him, appear as 
often to move backwards as forwards, and are so far from being 
seen at any time in the ude of the heavens opposite to the Sun, 
that they were never seen a quarter of a circle in tlie heavens 
distant from him. " 

^ 141. 4'hese two planets, when viewed at different j^^^raxuu 
tunes with a gotxl telescope, appear in all the various of Mocutjr 
shn|ieB of the moon; which is a plain pnmf that they Vmus. 
are enlightened by the Sun, and sliine not by any light of tli^ 
own: 'for il’ tlicy did, they would constantly appear round as the 
Sun does ; ami could never be seen like dark spots upon the 
Sun when they imss directly between him and us. Their re¬ 
gular phases demonstrate them to be spherical bodies; as may 
lx> shew n by the following t|||||ieriinent 

Hang an ivory ball by a thread, and let any per- Experiment 
son move' it round the flame of a candle, at two or prove diqr 
three yartls distance from your eye; wl»en the ball is “* 
beyond tile candle, so as to be almost hid by the flame, its en- 
ligliteiietl side will be towards you, and appear round like the 
full moon: when the ball is between you and the candle, its en¬ 
lightened side will disappear, as the Stoon does at the change: 
when it is half-way between these two positions, it will appear 
half iiluminatcrl, like the Moon in quarters; but in eveiy 
other place Iwtween these positions, it will appear mcKre or leia 
homed, or giblxnis. If this experiment be made with a flat 
circular plate, you may make it appear fully enlightened, or 
not enlij^tened at ail; bat can never midee it seem either 
burned or gibbous. * 

149. you reuMnre ahoat rix or seven yards from * 
the candle, and jflace yourself so that its flame may • 

be just about the height of your eye, ahd then Uw mottom 
sire the other person to ttove th^ ball slowly nmnd ^ 
the candle aa bdbre, keeping H as near of an equal 
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heiglit with t)ie ^nic an 1if possibly can, the hall tnll vpixw to 
yoQ not to move in a circle, but to \ibiatc ba(i,.i^ar(l and for. 
arord like a pendulum, movuur quickest when it is dim'tly be. 
tween vou and tlie rnndle, and 'when dirccilv l>c^on(l it; mid 
gradually filovicr it jfues farther t«j tlie nuht or left Mde of 
the flame, until it rpjicars at the grralcst tli*»ta’ ci' fiMiu the 
ilumc; niul Uien, ilidiieh it (‘oiitituuvs sto mo%c with the s^nie 
vehx’ity, it \'ill ‘>t\in to st.itid stiil for a nomcJit in f.'\cry re¬ 
volution it nili '•hoM ail the above phases, 1 il; and if iuo 
balls, a sniaUer and a greater, be moved iii tbih manner round 
the candle, the smalliir lull lunng kept nearest the flume, and 
carried round almost three times as often as the greater, nou 
will have a tolerable good representation of the appansU mo- 
tions of McmiTy and Venus; especiaily, if the higgt‘r htiU <1e- 
ficrflies a drcle almost twice os large iii dianieter u« tlic ciniu 
descrilicHl hr the lesser. 


Plate II. J B C D Ehe a part or segment of the 

3* viublc heavens, in whicli tlie Sun, 1 VI(k>:], planets, 
and stars, ap^war to move at the i-ami*dii>tHnce from the I'arth 
E. For there are certain limits beygnd wjueh the eve cannot 
judge of diflerent distances; as is]»ljunfn)m the ^loonV apfK.*ar. 
ing to be as far from us a$ theli§u>^ A”d ^taraare. l^ct the 
circU\/i«’ A 7 X* / fi o be the orWt in which Mercury m moscs 
round the Sun .S’, according to the orderarif the letters When 
Mcrciir\ U ut/, he disappears to the Earth at /J, because his 
*rhe clon{;a. enlightened side is turned from it; unless he he then 
AHia or di- jn onc of his nodes, § SO, So ; in which case he will 
" appear like a dark spot upon the ^un. When he is 
ftsmUieSun. at^in his oiliit, he appears at B in the Heavens, 
Westward of the Sun .S’, which.is at C when at h he appears 
at Ji at his greatest western elongation or dislance from the 
*^ 1111 ; and then seems to stand still. But, «v ho moves from h 
* to I, he appears to go from Ato B; and seems to be in the 
oniih plare when at f, as when he was at g, but not near so big: 
^ Xr he is hid from the earth E by the Sun S; h^og then in 
hb superior conjunctiem. In gdug from kio^ be appears .to 
move froth C to JJt and when be is «t w he ippnprs ilatibQary 
. at £ ,* being seen os for East ffum the Sen then, as he was 
West from him at A** In going from <i to o w his. orbit, he 
MM to go back again in the Heaweps, fiwm £ to jO ,* is 
*weMh|^e same place (with respost to th« Sijni) sft'o, as when 
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he ms at 7; but of a lar^r (hametelf at d, because he is then 
nearet the Earth JFJ: and when he ooiifes toj^ he again passes 
by the SiiH) and disappears as licfore. In going from » to A in 
his orbit, he seems to go backward in the Heavens from to 
; and in going from h to ii, he seems to go forward from A 
to E. As he goes on from f. a littic of bis enlightentHl ude at 
is seen from Ei at A4ie ap]K*ars*hnlf full, because half of his 
enlightened side is seen; at i, gibbous, or more tlian half full; 
and at k he would appear quite full, wen* he not hid from the 
Earth E by the sun S. At / be appears gibbous again : at n 
half decreased, at 0, homed, and at / n|iw, like the Moon at her 
change. He goes ,^ner from his eastern station at w, to bis 
V estem station at /i, than from A ton agaiit; because he goes 
jh rough less than half his orbit in the former case, and more in 
the latter. • 


141*. In the same figure, \ttFGHIKLMN PlateII. 
be the orbit in which Venus v goes ronftd the Sun 
*9, according to the order of the letters; and let E be tlie Eortli, 
as bt'forc. When ^’enas is at F, she is in her in- elonga. 
ferior conjunction; and disappears, like the new tionsandj^e- 
Moon, because her dark side is toward the Barth. 

At she appears half enlightened to the Earth, like the ]\Ioon 
in her first quarter: at H she appears gibbous; at / almost full, 
her enlightened side being then nearly towai’ds the Barth; at K 
she would appear quite full to the Earth E; but is hid from it 
by the Sun S: at L she appears upon the decrease, or gibbous; 
at Af more so; at A’’ mily half enlightened; and at F she dis- 
aj^ars again. In moving from N to Gf she seems 
to go backward in the heavens; and from to AT, dongatioiuor 
forwards; but as she descrilies a much greater pof- 
tion of her orbit in going from C to A?, than from 
AT to 0, she apyjears much longer direct than retrograde in her 
motion. At N and G, she appears stationaxy, as Mereiny 
docs at n and A. Mercuiy, when stationary, seems to be only 
88* from the Stim; And Venus, when so, 4T*; which isat^ 
jKonstration that Mercury's orbit is included w'ithin Vemis's, 
and Yemn^s witliin the KorthV 


145. Venus, fhni’^lier superior conjunction at if to her iis- 
ferior ernijumction at A*, is seen on the East side of the Sun S 
to the Earth E; Md tbereftae i^e shines in the after 

die Sun ‘sets, §x^ ii called the evening star: for, dievlin bring 
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HomiiyaDd ^ mHtwoxd of Venus, he must set 0nt 
•rening Stw, From her iitferu>r conjunction to her su])erior, the 
appears on the west side of the Sun; and therefore 
rises before him, for which reason slic is called the morning star. 
"When she is alnnit A” or G, she shines so bright, that bodies 
ca.st shadows in the nlght-lime.^ 

146. If tlie Jl.irlh kept hi'aaysatJS, it is evident that the 
stationar) plact*s of Meiviiry and Venus would always lie in the 
same points of the hea\cns where they were liefore. Forex- 
■mjde: whilst Mercury m goes from htf> according to the 

The efatum. |ettcr», he appears to descrilic the arc 

■ty phen of-d Cil£ m the heavens direct; and whilst he 
goes from a to A, he seems to describe the sauie arc 
back again, from E to retrograde: always at n 
and h he appears stationary at the same points *E oiid A^ as be> 
fcHre. But Mercury goes round his orbit from J" to,/'again, ui 
88 days; mid yet there are 116 days from any one of his con- 
junctions, or apparent stations, to tlie same again: and the 
places of these conjuctions and stalioivi ai o found to be about 
114** eastward from* the pimts of die hea\ens where they were 
last before; which proses that the i'larth h^l^ not kept all that 
time at E, but has bad a projpessive motion in its oriut I'roni E 
to t. Venus also difl'ers es'ery time in the places of her con- 
junctions and stations; but mucli more tlian Mcrciir> ; hivause 
as Venus describes a much larger orbit than Mercury does, the 
Barth advances so much the farther in its annual {>ath before 
Venus comes round again. % 

Tlw Mercury and Venus, seen from the Earth, 

tisM of all have their respective elongations from the Sun, and 
stidionary places; so has the Earth, seen from Mors; 
M oeoD fipm and Mars, seen from Jujnter; andJujiilcr, seen from 
' Saturn: that is, to every superior jilanet, all the in¬ 
ferior oXies have their stations and ekmgation-; as Venus and 
Mercuiy have to the Earth. As seen from Saturn, Mesreury 
never goes more than from the Sun; Venus 4 j; the Earth 
6 s Mws 9i ; and Jupiter 38} $ so that Mercury, as seen ftom 
the Earth, has almost as great a digrettBon or riengation irom 
^thflpun, as Jupiter seen from Satura * 


# Vnus if brii^tea M eojpMbw saAdlwliwinftiiwoonji^^ 

1^ iPk dongMiM bong Um S8* 44'. ^ c ' 
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148. Because the Barthes orbit ia ndudcd within ^ ^ 

the orbits of Mai>, Jupiter, and Sucum, they are uw 

seen on all sides of the Iicaxcns: and areas oftm iu *"** 

opposition to th(‘ Sun as in conjunction aith him. 

If the Barth st(K>d stiil, they vrould always appear direct in 
their iiiotioiis; never retrograde nor staUonflry. But they 
K'cm to go just as ollcii Jbackward as forward; which, if gra¬ 
vity l)e ailomd to exist, aifurds a sudioent proof of llte Earth's 
annual motion: and without its exi^leuee, the planets could 
never fall from the tangents of their orbits towards tike Sun, 
nor could a stone, which is once thrown up from the Earth, 
e\cr fall to the Eartli again. 

149. As Venus and the Eartji ore superior planets to Meri 
eury, tliey shew inucli Uic same appearances to him that Man 
llnd Jupitei; do tb us! Let Mercury m be at^ Venus v at F, 
and the Barth at £ ,* in which situation Venus UdeS 

the Barth from Mercury; but, being in opposition a. 
to the Sun, she shiuea on Mercury with a full illu< Gcnent plis. 
niincnl orb; though, respect to the Earth, she 
is in conjunction will) the Sun,4|ipad invirible. When set an in* 
Mercuiy is atj^ and \ enus at 6’, her enlightened side 
not being directly tyaards him, she appears a little gibbous, as 
IViars docs in a like rituation to us: but, when,Venus is at /, 
her c nhghtcned ude is so much toward Mercury at that 
she appears to liini almost of a round figure. At F, Veiiua 
disappi.irs to Mercury at bring then hid by the Sun; aa 
well as all our superior planets are to us, when in conjunction 
with the Sun. When Venus haa, oa it Were, emerged out of 
tile Suii-bcanis, os at L, she appears almost full to Mercury 
atj"; at M and AT, a little gibbous; quite full at F, and 
largest of all; lK>ing then in oppositimi to the Sun, and con* 
sequcntly nearest to Mercury atFs duiiing strongly on him in 
the night, bi>cause her distance from him then is smnewhat kia 
than a fifUi port of her distai^ from the Eaiilb when die 
appears roundest to it bm:ween / and iT, or between JC and 
M seen from the Eartb £. Consequently, when Venus is op¬ 
posite to the Sun, aa seen fnmi Merewy, she iqiipeaiis more than 
times as large to him aa she does to us when ai the fuUeat, 
Our cate is almost nmiUur with respect to Mars, whmi be is 
opposite to thp Sun; becaute he is then so near the Earth, 
and has hisVboIe enlightened ride towards it But, because 
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orbits of Ju|Nter and Saturn are very Inr;^ an pro|»tirtioii 
to the EartVs orbits these two planets appear much less niittn^ 
Sed at their opposiupns, or diminished at tlieir conjuncUons» than 
Mars doeSs in proportion to their mean ojjpurcnt diameters. 


CHAP. vn. 

THi; phtsical CArsEs of hif. motioks of the pi.axf.ts>-^ 

THE ECCl^XTRiCITIES OF THEIE OBUITS—>T1IE TIMES lit 
WHICH tHB ACTION OF GKAVITr WOULD BBIXG THEM TO 
THE SUN—fABrniUEDES's IDEAL PBOBLtM OF MOMVG Till 
EARTH'"—THE WORLD NOT £11 :bNAL. 

GimritatioB 1^0. From the uniform projectile iriotioh of IxaUes 
•ndpiojee- in stnught lines, and the unbersal jwwer of atlrac- 
11. tion which draws thehi off from these linef., the cur- 
tv 4- vilineal motions of nil the planets arise. If the 
body J be projected along the right Hhc JliX^ in open space, 
where it meets with no resistance, and is not drawn umiIc by 
any other power, it w\jl for e\er go on wjili tin* same vclfMniy, 
CSfcukror- R^d in the same direction, l^r the force which 
movis it from A to S lu any given time, will carry 
it from B to X in as much more time, and so on, theie iiciiig 
notliing to obstruct or alter its motion. But if, whin this pro¬ 
jectile force has carried it, suppose tv B, the Ixh 1\ .S begins 
to attract it, with a power duly adjusted, mid perpi'iulicular to 
Its motion at iST, it will then he drawn from the straight line 
ABX, and forasd to involve about S in the circle BYTV. 

When the body A comes to CT, or any other ]>.iri of its orbit, 
if the amali body «, within the sphere of fA attraction, be 
projected as in the right line Z, with a force perpendicular to 
the attracdon of (7, then tt will go round V in the orlnc FT, 
and accompany it in its Vhole course round the body S. 
Here S may represent the Shd, U the Earth, and it the 
Moon. 

' 151. If a planet at B ^vitates, or is attracted, tow^ the 
Sun, so as to fall from jSI to ^ in the time that the firojectile 
three would have carried it from to AT, it will describe the 
curse BYhy the combined action of these two forces, in the 
sane tfme that the projectile force singly would 'have carried 
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it 6vih JO to Xf or the gmvitatisig ptmin' abgljr have caused it 
to descend from ^ and these two forces being duly pro¬ 
portioned and perpendicular to each other, the planet obeying 
them both, will mcw'c in the circle BYTV^ 

152. But if, whilst the projectile force would carry tlie pla¬ 
net from i? to 5, the Sun's attraction (which constitutes the 
planet's gravitation) should bring it down from ^ to 1, the 
graritating power would then be too strong for the jirojectile 
force, and would cause the planet to describe the curve B C. 
When the planet comes to C, the gravitating power Eiiiptkia 
(which always increases as the square of the dis- 
tance from the Sun <9 diminishes) will be yet stronger for the 
projectile force; and by conspiring in some degree therewith, 
will accelerate the planet's motion all the way from C to JT, 
inuring it to di‘scril)c*tlic arcs BC, CD^ DE, £F, kc. all in 
equal tiroea Having its motion thus accrierated, it thereby 
gains M> much centrifugal force, or tendency to fly off at JT in 
the line A' Ar, as overcomes the Sun's attraction; and the cen¬ 
trifugal force being too great to allow the planet to be brought 
nearer the Sun, or even to moire round him in the circle jT/oin, 
&c. it goes off, and ascends m the curve KLMN^ &c. its 
motion decreasing as gradually from K to B^ as it increased 
from B to JT, because the Sun's attraction now acts against 
the planet's projectile motion just as much as it acted with it 
before. W'^hen the planet has got round to B^ its projectile 
force is as much diminished iErotn its mean state about G or N, 
as it was augmented at K; and so the Sun's attraction being 
more than sufficient to keep the planet from going dSP at jB, it 
describes the same orint over agrin, by virtue of the same 
forces or powers.” 


* To make ike projectiU! fatee belenee the gnsiteting power ao*enctljr, «* ikat the 
bodp ney move in a circle, the prqjeetile velocity of the body nuat be sudi ea-it 

' would have acquired by gravity alone^ in ftBbg tbionghbalf the ndiot of die cMe. 

* IfdiepIiaetatEiiprojcetsdindiedinetfaNiEX, withavdodQrcqa^todMit 
wbidi It would acquire by fidliog through half Iho dbuaaoe JBSt by the action of tho 
gentnd body S, It wQl dcaeribe a aide round the centie S. If dw vdoeity of pro¬ 
jection be equd to that whidi the body would acquire by fidliog dnough * distaDea 
greater than one half of E5, it will move in an dlipttcal orbit, on* of whoae ibd ia 
S> If the vdodty of the projectile be equal to that which it would noquire in fblling • 
thioughEiSi, itapath will be a parabola, having iTfbr its fbena; end ifthe velocity be 
equal to that which k would acquire by ibBiqg through a apace greater than BS, the 
My will mo*« ih a hypufwla.—EdL 

roi. 'I. 


r 
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]«>3. A double projectile force will al^^av^ balance a cpuuU 
rupleptiwerof gnivity. lA*t the planet at li ha^e twice as 
great an iinpulKi* fmm thence towards -V, as it had l)cfore; 
that is, in the same length of time that it was projt>ctcd fn>m 
B to A, as in the last example, let it now be ])rojeet('d from 11 
t(» r, and it will re{piire four times as mueh gra>ity to retain it 
in its orbit; that is, it must full as far as from li to 4 in the 
time that the projeetih force wtnild carry it from 7/to tither- 
wise it could not describe the curve lil)^ as is e\ident bv the 
Fip. 4. Hgure Hut, in as much time tts the planet imne.s 
fiom B to C in the higher part of its orbtt, it 
araikiuc^ual nujvcs from / to A”, or from K to L, in llie lower 
jiart thereof, because, from the joint .ictioii of llies» 
two forces, it must always describe equal ureas in equal tiiiu s 
throughout its anmml ctnirse. These areas ift-e rt'presenti'd fiv 
the triangles BSC. CSl). DSK, KSF. ice. wlu ise eont«nls 
are equal to one another (|uitc round the tigiire. 

A difficulty 154. As the jilimets approach nearer the Sun, and 
rnnuved. recede farther from him hi toery retolntioii, tin u 


mav 1 h' some dillicuity in conceiting the rea'on why the powi i 
of gratity, when it once gels the better of the ])roiectile t’oiee, 
docs not bring the planets nearer and nearer the Sun m i \ erv 
retolntion, till they fall iqxin and unite with him ; or wlit the 
projectile I'orce, when it once gets the better of gra\it\, dots 
not can’V the planets farther aiul farther from tin* Sim, till it 
removes them quite out of the sphere of his attraction, ami 
causes them to go on in straight lines for ever afterwards. Hut, 
by considering the effects of these jKiwers as tleserihed in the 
two last article*', this cliineidty will 1 k' removed. SiqqKise a 
planet at /f to be carried by the projirtile force as fur as from 
B to by in tlie time that grn\ity would have brought it flown 
from B to 1, by these two forces it will dc.scribe the curve BC. 
When the planet comes down to A*, it w ill be but half as far 
from the Sun S os if was at B; and therel'ore, by gruv iluting 
four times as strongly towards him, it would fall fnmi A' to V 
in the same length of time that it woulil havo fallen inim // to 
1 in the higher part of its orbit; that is, through fiiur times 
as much sjiacc; but its projt*culo force is tlieii so much in¬ 
creased at K, a.s w’ould carry it from K to Jc in llic same time, 
being double of whut it wa.s at By and is therefore too strong 
fur the grav itating power, either to draw the plantt to the Sun, 
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or cause il to go round him in the circle Klmn, &<*. which 
would re(]uiro its falling from K to through a greater space 
than gravity can draw it, whilst the projectile force is such as 
would carry it from K to 4*, and therefore the planet ascends in 
its orbit KLMS^ decreasing in its velocity, for the causes al¬ 
ready assigned in ^ 15!2. 

1 . 10 . 'J’lie orhils of ail the 2 danets are ellipses, planet, 
very little different from circles; hut the orbits of ary orbiu e!. 
the comets are \ery hmg ellij)si's, and the lower 
fiK'us of tiii'in ail is in the Sun. If we .suppose the mean dis. 
tanee {or middle between the greatest and least) of every pla¬ 
net and comet from the Sun to 1 h‘ divided into 1000 equal 
]).‘'rtN, the eceeiitricitie.s of their orbits,^ both in .such Thdr fn - m - 
jiarls and in Knglish miles will be as follow; Mer- *riaties. 
t*jry‘’.s, ^’10. partV, or 6,7.^0,000 miles; Venus’s, 7 jiarts, or 
4l!i,(K)t) miles; the Karth’s, 17 parts, or 1,077,000 miles; Mars's, 
yO yiarts, or 11,4419,000 miles; Jupiter’s, 48 parts, or 20,001^,000 
miles; Saturn's, 5.5 p.irts, or 42,70.5,000 miles. Of the near- 
c'.l of the tlirw fore-mtsitioned comets, 1,458,000 niile.s; of 
tile middlemost, 2,025,000,000 miles; and of the outermost, 
(i,(}fK),000,000. 

1.56. lly the alwve mentioned law, § 150 et seq. The above 
bodies will uio\e in all kinds of ellipse.^, whether lawsitufficn t 
long or short, if the sjKiees they move in be void of 
n’sistanci*. Only thc»se which move in the longer el- fular and el. 
Iijises Inne so much the less projectile force impress- 
ed u])on them in the higher parts of their orbits; and their 
velocities, in coming down towards tlie Sun, are so prodi. 

' gioiisly increased by his attraction, that their centrifugal forces 
in the lower jiarts of their orbits are so great, as to overcome 
the Sun’s attraction there, and cause them to ascend again to¬ 
wards the higher parts of their orbits; during which time the 
Sun's attr.iction, acting so contrary to the motion.s of those 
IxMlies, causes them to move slower and slow'er, until their 
projectile forces are diminished almost to nothing, and tlien they 
arc brought back again by the Sun's attraction, as before. 

' The eccentricity of a planet or comet is the distance between the centre and focus 
of the elliptical orbit in which they move, or half the distance between the two foci. * 
For more accurate nuniben representing the eccentricities of the planeti, see theuhle 
in the Supplement,— 
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In'vhat timet W'*^^**^ projwtik forct*« of alt tlio plancta and 

tlte pUnect coluets were dctitroyed at their mean distances troni 
^Sun^the *’*^*®> ^**^**’ g^^ivities vouUl biinj; them down so, 
power of gra- that Mcrcurv would iiill to the Sun in 15'‘ lU**; 

Venus ill 17**; the Earth or Muon in Gl** 10*', 
Mors in 121 days; Ju|>iter in 390 days; Saturn in 767 dn\s, 
and tlw Geor^iuiii Sidus in 6406 duvA The nearest eoinet in 
16,000 days: tiie n.iddhmost in 30,000 days; mid the outer¬ 
most ill 66,000 days, 'l lte Moon would fall to tl'.e Earth in 
4** 20**; Jupiter's first niixni would fall to him in 7*', his smiiid 
in 15**, his third in 60*', and his fourth in 71*'. Saturn't. first 
moon would full to him in 8**, bis .second in 12*', his tiiinl in 
19*'^ his fourth in 68^, and his fifth in 666*'. A Mone would 
fall to the Earth's centre, if there wen* an IriHow pissap', in 
21*** 9*. IVlr. Wliiston f^ves the following rule for such coie- 
jnitations.** ‘ It is demonstrable, that liaif the {letiod of any 
plaiibt, when it is diminished in the si'xjuiulteral pro|M)nion of 
the number 1 to the nuinher 2, or nearly in the proportion i>l' 
1000 to 2828, is the time that it uould fall to the eeiitn of its 
orbit.' This proportion is, when a (juaiitit) or nuinher eontums 
another once anil a half as much niore.^ 

^ 158. The quick motions of the inooiih of J 11 jliter 

gioii* attruc- and Saturn round their prmiurie.s, ileiiioiistrute that 
****rabD ft^'^***** }»lanets have stroiiji;er attractive jMoiers 
than the Earth has: for, the stronjL;er tiiiil oiu‘ body 
attracts another, the greater must lie the projectile force, and 
consequently the qaickcr must be the motion of that other (Knly 
to keep it from falling to its primary or central planet. Jiqn- 
ter's second moon is 124,000 miles farther from Jupiter than 
our moon is from us; aiid yet this second nirxin gcx.'s almost 
fight times round Jupiter whilst our niixin gtx's only oiuv 
round the Eartli. Wliat a prodigious attioetive fHiwermust 
Uie Sun then have, to draw all Uie planets and satellites of the 
system towards him; and what an amazing jxiwer must it have 

" ABtronoimcal Prindpk* of Religion, p. 66. 

* The time in whidi my planet or comet would fall to the Sun, may br found 
mote eaitily by dividing the time of half ita revolution round the Sun by 3.82847, 
or by multiplying the time of a whole revolution by 0.176?7^ The aqparca of the 
times in which the plmets would fall to the Sun are h the cubes of their dig. 

fggCtttmmJBdw 
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required to put all these planets and moons into such rapid 
motions at first' Amazing indeed to us, because impossible to 
be effecteil by the slrengtli of all the living creatures in an un- 
liiniled mimlH*r of worlds; Ixit nowise hanl for the Almighty, 
wiiosc planetarium Uikes in the wliolp universe ! 

150. The celebrated Archimedes affirmed he could 
i^ove the I'^arth, if Ik hati a place at a distance from imiblem tor 
it to stand upon to manage his inachitierv.^ Thi'* ^q***^® 
assertion is tine in theory, hut, iqion examination, 
will be found absolutely imp<»ssible in iact, even though a pro- 
per place and materials of sufficient strength could lie had. 

The simplest and easiest method of moving a heavy body a 
little way is by a lever or crow', wlu're a small w'eight or jxiww 
^])plierl to the long arm wilt raise a great weight on the short 
one. But dien, the small weight must move as much quicker 
than the great weight, as the hitler is heavier than the former; 
and the length of the long arm of the lever must be in the 
same proportion to the U'ligth of the .sho**! one. Now, suppose 
a man to ])ull, or press the end of the long arm witli the force 
of 200 |X)un(l weight, and that the Earth contains in round 
numbers, 4,O00,l).H),U0(),0()0,()rK),0()0,0()(), or 4000 tiiliions of 
cubic feet, (‘ach at a mean rale wiighing 100 pound; and tliat 
the }MOj) or ci ntiv of motion of the lever In GOOO miles from the 
r.arth’s centre; in this tasc, the lengtJi of the lever fh)m the 
fulcrum or centre of niolion to the moving power or weight 
ought to he 12,000,000,000,000,000,0(K),000,000, or 12 quad¬ 
rillions of miles; and so many miles must the power move, in 
order to rai-<' the Jjarth but one mile; wbonce it is easy to 
compute, that if Archinuxles, or the jxvwer applied, could move 
as swift as a camion-bullet, it would take 27,000,000,000,000, 
or 27 billions of v ears to rai.se the Earth one inch. 

If any other machine, such as a combination of w'lieels and 
screws, was pro}x>sed to move tlie Earth, the time it would 
rixiuire, and the space gone through by the hand that turned 
the machine, would be the same us before. Hence we may 
^learn, that however boundless our imagination and theory may 
h(>, the actual operations of man are confined whliiii narrow 
bounds, and more suited to our real wants than to our de- . 
sires. 

> At w r», M< rtr «r<ynV», t. r. Ciive Qie a place to stand on, and I khall 
move the i<llarUif 
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Haid to de. planets mutually attract each 

lennine irittt other; the power by which they do so we call gra- 

B""*y yjty^ whether this power be mechanical or not 

is very much disputed. Obwrvation proves that the planets 

disturb one another's motioas bv it. and that it decreases ac- 

• ^ 

cording to the squares ol’ the distances of the Sun and planets; 
as light, which is known to be matcriaf, likewise dtws. Hence,/ 
gravity ^ould seem to arise from the agency of some subtle 
matter pressing towards the Sun and planets, anti acting like all 
mechanical causes by contact. But, on the other hami, when 
we consider that tlie degree or force of gravity is exactly in 
pnyportion to the quantities of matter in tho,se Ixidies, without 
any regard to their bulks or quantities of surface, acting as 
freely on their internal as external parts: it seems to surpa!v« 
the power of mechanism, and to be either the immediate agency 
of the Deity, or affected by a law originally established and 
impressed on all matter hy Him. But some affirm that mutter, 
lieing altogptlier inert, cannot be impressed with any law esen 
by Almighty |)owcr; and that the Deity, or some sulxinlinate 
intelligence, must therefore be constantly impelling the planets 
toward the Sun, and moving them with the same irregularities 
and disturlxuices which gravity would cause, if it could lx; su})- 
posed to exist. But, if a man may venture to publish his own 
thoughts, it seems to me no more an absurdity, to sup|xise the 
Deity capable of infusing a law, or what law's he pleases into 
matter, than to supjiose him capable of giving it existence at 
first. The manner of both is equally inconceivable to us, but 
neither of them imply a contradiction in our ideas; and 
what implies no contradiction is within the power of Omniix>. 
tence. 

161. That the projectile force was at first given by the 
Deity is CAident; for, since matter can never put itself in 
motion, and all Ixxlies may be moved in any direction whatso¬ 
ever ; and yet the ])lanets, both primary and secondary, move 
from West to Ea.st, in planes nearly coincident; whilst the 
comets move in all directions, and in planes very different from, 
one another; these motions con be owing to no mechanical 
cause or necessity, but to the free will and power of an intdli- 
gent Being. 

162. Whatever gravity be, it is plain that it acts every mo¬ 
ment of time; for if its action should cease, the projectile force 
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would instnntly c.irry off tlie planets in stnught linos from those 
parts of thoir orliit.s uiiore gravity .left tlicm. But, die planets 
Iteiiig once put into motion, Uierc is no exxasion fur any new 
projectile force*, unless they iiicet with some resistance in their 
tirhils; nor for any mending hand, unless they disturb one 
anotlier too much by their mutual attractions. 

KiJi. It ih found dial fhere are disturbances among ^ 

, • , • ■ • , • The planeto 

the plai.etK in their iiiotion.s, arising ironi their mu- disturb one 

tual attractions ulieii they are in the same quarter of 

tile heavens; and the best nuxleni observers find that 

our years are not always j)rt*cisely of the same length.® Besides, 

there is reason to believe that the IMoou is somewhat nearer the 

1'larth now than site w'as foriiierly, her periodical mondi being 

shorter than it was in former ages. For our astro- Theomse- 

iioinieal tables, Vliich in the jiresent age shew' the queims 

limes of Milar and lunar eclijises to great precision, **‘"*®^* 

do not aiKswer so well for ^cry ancient eclipses. Hence it ap- 

pc.-ir'*, that tile Miniii d<K's not moM* in a medium void of all 

resistance, JJ 17-^; a ml* therefore her projectile fon*e being a 

little ’Kcakened, whilst there is nothing to diminish her gravity, 

slie must be graduall\ approaching nearer the Karth, describing 

smalh'r and smaller circles round it in every revolution, and 

fini.shing her {K'riiKl stxnier, although her absolute motion with 

regard to space In* not so ipiick now' as it was formerly, and 

tliercfon'she must come to die J^arth at la.st; unless that Being 

which gaM* her a sufHcient projectile force at the be^nning, 

lulds a little more to it in due time.'' And, os all die planets 

If the idonctB did not mutuallj attract oDe.anofher, the amis describedlij them 
would Ih* exaitly proportional to tlie antes of description, § I S3. But obserrations 
pro^c that these arras arc nut in such exact proportion, and are most Taricd when the 
greatest niinitx'r of ])luneti. are in any particular quarter of the heawiM. 'When any 
tao planets are in ronjiinrdon, ihcir ntutuol attractions, which tend to bring them 
nearer to one another, ilraas the inferior one a little farther from tlie Sun, and the 
superior one a Lttlc ne.ircr to him, by which means the figure of their orbits ia some¬ 
what altered; but this alteration is too small to be discovered in aeveral ages. 

'' The acceleration of tlie ]\fonn'a motion, to whith Mr. Ferguson here alludes, 
amounts to about 11" 3"' in a century. It was generally ascribed to some rcsiatance 
opposed to tlic motion of the ]\Ioon; but M. de la Place lias lately discovered, that 
it arises from a diminution in the eccentricity of die Earth's orbit This, as well as 
other irregularities in the solar syatem, generated by the mutual action of the planets? 
are all pcriodtcal: they are confined within narrow limits, and ate balanced by irre¬ 
gularities of an equal and opposite kind. There is no possibility, dierefore, of that 
general union hf the planets in the dtatn of the system which our author apprehends 
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move in spaces full of ether and light, which arc material sutv- 
stances, ’they, too, must meet with some resistance; and, there* 
The world lore, if tlicir granties are not diminished, nor their 
n«t etcHMil. projectile forces increased, they must necessarily ap 
proach nearer and nearer the Sun, and at length fall u(x>ii and 
unite M'itli him. 

164. Here we have a strong philosojlhical argument against 
the eternity of the world. For, had it existed from eternity, 
and 1)een left by the Deity to be governed by the combined 
actions ^ the above forces or p<iwers, generally called laws, it 
had been at an end long ago; and if it be left to them, it inust 
come to an end. But nc may be certain that it will la>t as long 
as was intended by its Author, who ought no more to Ik* found 
fault with for framing so iieribhahle a work, than fur makiiig 
man mortal. 


CHAP. VIII. 

OF Lie.HT—ITS PBOPOBTIONAL aUANTITIFS OS THE DTFFF.BENT 

PLANETS—ITS BEFRACTIONS IE UATl.B AND AlB-THE AT- 

MOSPHEBE-ITS WT:IG1IT AND PXOPERTlKS-THE HORIZON* 

TAL MOON, 

165. 1,1GHT consists of exceedingly small ]iartlcles of mat* 
ter, issuing from a luminous btxly; as from a lighteti 
candle, such particles of matter constantly flow in all direc¬ 
tions. Dr. Niewentyt' computes, that in one second oi' time 


Bj the moet raple law, the diminution of gtavity, aa tlic square of the diatanre 
incresaes, the planeta are not only retained in thdr orbiu, wliui wliitUng round a 
eentnl Sun, but an eternal atahtlity ia insurod to the aolar aystcin. The little de- 
nngeinenis wbuh afto the modona of the hcafcnly bodiea are apparent only to the 
eye of the aatronoraer; and even tlieae, after readiing a witab bmit, gradually di- 
miniab, till the i^atem, rq;aining ita balance, Ktunw to that atate of harmony and 
onder whidi preened the commencement of theae aecubur inequalities. Even amidst 
the changea and inequalities of the system, the general harmony is always apparent; 
and ihoae patdal and temporary derangements which, to vulgar minds, may seem to 
ind i cat e a prqgresuve decay, serve only to evince the ataUlity and pennanenee of the 
whole. In the contemplation of audi a scene, every onpoverted mind must be 
■tmdt with that astonishing wisdom which framed the various parts of the universe, 
•nd bound them together by one simple law.—gA . 

1 PJ^atopkeTf voL iii, p. 05. 
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there flows 418,630,000,000,000,000,000,000, 
000,000,000,000,000,000 particles of light out of a 
burning candle, which number contains at least 6,337, 
242,000,000 times tlic number of grains of sand in 
the Mhole Earth, supposing 100 grains of sand to be equal in 
length tu an inch, and consequently every cubic inch of the 
, Earth to rontiun 1,000,000 of such grains. 

166. ThcbC amazingly .small particles, by striking The dreadful 
U]X)n our eyes, excite in our minds the idea of light; 

and, if they were as large as the smallest particles of from their be- 
mattcr discernible by our best microscopes, instead ^ 
of being serviceable to us, they would soon deprive us of sight 
by the force arising from their immense velocity, which is above 
J64,0(M) miles os cry second, (see chap, xi) or 1,230,000 times 
.s\\ ifter than the motion of a cannon-bullet.* And therefore, if 
the particles of light were so large, that 1,000,000 of them were 
equal in bulk to an ordinary groin of sand, we durst no more 
o)K‘n our e^es to the light, than sufftr sand to be shot point 
blank against tliein. ' 

167. When these small particles, flowing from objects 
tlie sun or from a candle, fall upon bodies, and are become Tui- 
thereby reflected to our eyes, they excite in us the **** 

idea of that body, by foiniing its picture on the retina.^ And 
sinc(' Ixtdies are a isible on all sides, light must be reflected from 
them ni ail directions. 

168. A ray of light is a continued stream of these ^ ^ 
particles, flow ing from any visible body in a straight bght m^nl- 
linc. That the rays move in straight, and not in 
crooked lines, unless they be refracted, is evident 

from bodies not being visible if w'c endeavour to look at tliem 
through the Iwre of a bended pipe; and, from their ceasing to 
be sebii by the interporition of other bodies, as the fixed stars 
by the inter[X).siuon of the Bloon and planets, and the Sun 

wholly or in part by tihe interposition of the Moon, Mercuiy, or 

• 

* Au the men dibtance of the Sub Awn the Karth is nearly 95,000,000 EngGah 
milea, and as light moves through this space in 8' 7", ita velocity per second will be 
105,072 Englidi miles, whidi is idiout 10,313 times greater than the mean velocity 
of die Earth in its otbit«—£dL • 

^ A flue net-work membnuie in the bottom of the eye. Some philosophers have 
maintained, that the choroid coot, situated behind the retina, is the seat of vision. 
The aensadoi^is convey e d ftom the seat of vision to the brain by the optic nerves* 
which enter the back part of the f 7 e..-.£d^ 
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Apmofthat Venus. And that those rays do not intcrfcK, or 
noToM*!® j***^^*^ anotluT out of their ways, in flowing fkmi 
other’i mo- different Ixxlies all around, is plain from Uie follou- 
ing experiini'nt. Make a little hole in a thin plate 
of metal, and set the jilate upright on a table, faring a n>\\ of 
I'lglited candles standing by one another; tlieii plai'e a slieet of 
pa}icr or jiasteboard at a* little distance from the otluT side of 
the plate, and tlk* rays of all the candles, fluuing tliniiigh the 
hole, will form as many s|K‘cks of light on the pajier as there 
are candles before the plate, each s|XH'k as distinct and large as 
if there were only one candle to cast one sjieek, Mhich ijienh 
that the rays are no liindrance to each other in their motions, 
although they all cniss in the hole. 

1()9. Light, and therehire heat, so far as it dejx'iuls on the 
Sun's rays (tj S-j, towards the end), ilecreases in pro}M)rtion to 
the sqiiari's of the distances of tlie planels from the Sun. 'I’Ins 
is easily demonstrated hy a ligure i\hich, together Milh its ile- 
scription, I have taken from Dr, Smith's optics (Ixxiki, art. 57). 
]n.ttcll. Let the light vhicli flows from a jxiint and 
log. 11. passes through a sipiarc hole /?, Iw reeei\ed ujion a 
plane f*, parallel to the plane of the hole ; or, if you pleast*, Ji't 
the figun* C be the shadow' of the ])laiie Jt; and when the dis¬ 
tance of C is double of 77, the Urngtli and breadth oi'tlie shadow 
In wl»t pm- ^ double of the leiigtli and breadth of 

punum li^lu the ]>lane Jt, and treble when AD is tiehle oi' Alt, 
and so on, which may he easily examined hy the 
gi\l.nl]l^tan((! ]ig1it of a caiullo placed at A. Tlieri'fore tlu> Aiir- 
frotn UicSun. sluulow (', at tile distance AC tlouhle of 

di% isible into 4 s({iiares, and at a treble distance, into i) 
s(|iiares, sex'crally txpial to the square 77, as rc|)resenled in tlu* 
figure. The light then which fulls iqxm the plane 77 lx?iilg 
HufTcrc'd to pass to double that di.>tance, will lx* uniformly 
fqnx'ud over 4 times the syiace, and consequently will Ix' 4 time* 
thinner in every part of that space, and at a treble distance 
it will be 9 times thinner; and at a quadruple distance, IG 
times thinner than it was at first, and so on, according to the 
increase of the sipiare surfaces 77, C\ D, E, built upon the dis¬ 
tances Alt, AC, AD, AE. ('onsequcntly, the. quantities of 
this rarefied light received upon a surface of any given size and 
rihape whatever, removed successively to these several distances, 
will be but i, g, I’e of the whole quantity received by it at the 
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first distance AB. Or, in general words, the densities and quan¬ 
tities of light received u[K)n any given plane, are diminished in 
the same pro|x)rtioii as the squares of the distances of that plane, 
from the luininmis body, are increased; and, on the contrary, 
are incrcMsed in the same pro}M)rtion as these s(|uarcs are dimi¬ 
nished.^ 

170. I’ho moiv a tel<^?cope magnifies the discs of yyhy the 
the Moon and planets, they appi-ar so much dimmer ap- 
tlian to the bare c\e, lx*cause the telescope cannot w^n vie^ 

nia^inifv the quantity of liffhl as it docs the surface: trough *«- 

r , * ’ . ,* ^ ■ «. 1 - I lescopo* than 

and, bv spreading the same quuiitity ot light over a by the bare 

suri’ncc so much larger than tlie naked eye beheld, 

just so much dimmer must it appear when viewed by a tele- 

^ct>jH* than by the ban* eye.® 

171. When a ray of light passes out of one medium into an¬ 
other/*' It is refracted or turned out of its first course, more or 
l(‘ss, as it falls more or less obliquely on the refracting surface 
which divides the two mediums. This may be proved by se¬ 
veral e\})erimciits, of which we rJiall only give three for exam¬ 
ple’s sake. 1, In a basin FGH put a piece of ^ 
iiioncv us /)/I, and then retire from it as to At till 

the edge of the ba‘>oii at E just hides the money from your 
sight; then, ki*c])ing \our head stciuly, let another person fill 
the liasin gently with water. As lie fills it, you will 
st-c more and more of the jiicce DB^ which will lie the rays of 
all in ^iew when the basin is full, and ajipear as if ^*^^**' 
liftwl up to C. For the ray AEB, which was straight whilst 
the liasin w’ns empty, is now Ix'iit at the surface of the water 
in and turned out of its ri'ctilincal aiurse into tlic direction 


* Thn proposition ia true only when the given plane u perpendicular to the direc¬ 
tion of the light which fall^ upon it; fur, when tlie plane ia inclined to this direction, 
the density and quantity of light or heat in diininishcd, and this diuunubon is pro¬ 
portional to the cosine of the angle of inclination.— Ed. 

* This position has been controverted by Dr. llcrschd, vho maintains, dut tde- 
aropcs have a penetrating power. In a dark night, when the eye could not penetrate 
far into space, his 20 feet telescope shewed the clock on a distant steeple when die 
naked eye could not see the steeple itself. The penetrating power depends upon the 
quantity of reflected or reftacted li^t upon the apertures of the mirrors or lenses, 
and the size of die pupil. See FhiL Trans. 1800, Part l..-~Ed. 

* A medium, in this sense, is any transparent body, or that throilgh which the 
rays of ligiit con pass, as water, glass, diamond, air, and even a vacuum ia Mnnetiniea 
called a medium. 
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ED, Or, in other words, the ray DEK, that proceeded in a 
fltraight line from the edge D whilst the basin was empty, and 
went above the eye at is now bent at E; and instead of go¬ 
ing on in the rectilineal direction DEK^ goes in tlie angled di¬ 
rection BEA, and bv entering the eye at Ay renders the object 
DB sisible. Or, 2, Tlatv the basin where the Sun shines ob¬ 
liquely, and ol)M.‘r\e where the sliadow*of the run E (alls on 
the bottom as at B, then fill it with water, aiul the shiulow wdl 
fall at D; which proves, that the rays of light, falling obiupiely 
on the surface of the water, ore refracted, or bent downwards 
into it 

172. The less obliquely the ra}s of light fall upon the sur¬ 
face of any medium, the less tiny are n-fractwl; and if they 
fall perpendicularly thereon, they are not refracted at all. For, 
in the last experiment, the higlier the Sun n'.es, the less w ill 
be the difference lietwccn the places where the edge of the sha¬ 
dow falls in the empty aiid full basin And, 3, If a stick be 
Imd over the basin, and the Sun's ra>s Iniiig rcflecteil iKrin'ii- 
dicularly into it from a looking gloss, the shadow of the slick 
will fall ii]x>n the same place oS the Ixittoni, whether the bason 
be full or empty. 

173. The denser that any metluim is, the more is li«*hl re- 
fra(*ted in passing through it. 

Theatmo- 17i. The F^nrtli is surrounded In a tliin fluid 
aplieie. mass of matter, called the air or atmosplu te, wliuli 
grasitates to the Earth, rcsohes iiitii it in its diurnal motion, 
and gex^s round the Sun with it esery \ear. This fluid is of 
an elastic or springs nature, and its lowt^miosl jiarth being com¬ 
pressed by the weight of nil the air nlxne tiieni, are pri'ssed 
the closer together, and are therefore densest of all at the Earth's 
surface, and gradually rarer the higher up. It is well known 
{NevstofCs Syitem ^tlie Wot My p. 120,) that the air near the 
aurfarcof our Earth possesses a space about 1200 times greater 
than water of the same weight.^ And therefore, a cyiindric 
column of ak 1200 feet high, is of equal weight with a cylinder 
of water of the nunc breadth, and but one flxit high. But a 
cylinder of air reaching to the top of the atmosphere is of equal 
weight with a cylinder of water about 33 feet high ;* and there- 

Air it only 900 time* den*cr dun inluex.^Ei» 

* TfaU u Client irom common pump*. 
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fore, if from the whole cylinder of air, the lower part of ISOO 
feet high is taken away, the remaining upper part will be of 
ecjual weight with a c} Under of water 32 feet high; wlierefore, 
at the height of 1200 feet, or two furlongs, the weight of tlu? 
incumbent air is less, and consequently the rarity of the com¬ 
pressed air is greater than near the Earth's surface, in the ratio 
ol 33 to 32. And tlietoir at all heights uhatscuiver, supposing 
the ex}jansion thereof to lx* recipnx*ally projiortional to its com¬ 
pression ; and this pro]M>rti<m has Iveen ])n>vcd by the experi¬ 
ments ol Dr. lIiKike and others. The result of tlie computa¬ 
tion I base set down in the aiinevcd table; in tlie first column 
ol mIiIcIi you h.ise the height of the air in miles, whereof 4000 
meke a seini-dianieter of the Earth; in the second die compres¬ 
sion of till' air, or the ineuiiibent weight; in the third, its ra¬ 
rity or expansiefti, slipposing grayity to decrease in the duplicate 
ratio of the distance'^ from the Earth's centre. And the small 
IIMineral ligiires are here used, to shew what number of cyphers 
must he joined to the luimlx'rs ex])ressed by die larger figures, 
as 0.>ri221 lor 0.000000000000000001224 and 20956^® for 
26*9j(i000()000000000()0. 

T \ui i: Ol jiir. Ala's compbessiox and babitt 

AT 1)11 1 1 B£XT HEIGHTS. 



Hdghi. I Conij)rcs&ion. [ Expansion. 


jjij 

17.8515 . . 
9.6717 . . 
2.852 . . 
0.2525 . . 
0.»n224. 
0.>"®4465' 
0.*»*1628 
0.2^»7895 
0.*‘*9878 
0.*>*9941 



400 

4000 

40000 

400000 




Infinite. 



From the above table, it appears that the air in proceeding 
upwards rarefied in such a manner, that a sphere of that »r 
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which is nearest the Earth, but of one inch diameter, if dilated 
to an equal rarefaction with that of the air at tlic height of 10 
semi-diameters of tlie Earth, would fill iqi more spuce tliaii is 
contained in the wliole heu>>‘iis on this Nide the fixed stars. 
And it likewise a])]K‘nrs that the 31oon d<K‘s nut nune in a |x.'r- 
fectly free and unresisting medium, altluuigh the air, at a height 
equal to her distunc(‘, is at least times thinner than at 

tile Earth's surface, and therefore cannot resist her inotiun so 
as to be sensible in main a^e^. 

Its Wright Ho. The weight of the air at the I^arth's siir- 
howfound. found by cKjKTiinents maile with the air- 

pump, and also by the quantity of inercur\ that the atmo¬ 
sphere lialaiices in the luiroineter, in whuh, at a iikmii st.ite, 
tile mercury stands inclus high. And if the tube wire 
a square inch wide, it would at that iiiight conuin 
cubic inches of inerciirv, which is just 1.1 pmnd weight; 
and so much weight of air cmtv square inch of the EarilTs 
surface sustain^; and every s(|uure fiMit lit* tunes as much, 
l}ecau.se it contains 144 stjuare inches. Now, as the l''.arth'.s 
surface contains, in round niimliers, *2()0,0()0,0(H) square miles, 
it must contain no less than 5,.’>7o,(iS(),()0(),000,00() .sipiare 
feet; which, being multiplied by 21 (lO, the numlKT of }k)U|u1s 
on eai'h sijuare f«)t amounts to 112,01!}, W)«,tS()(),0()0,(K)(),000 
|M»unds for the weight of tlie whole atmosphere. At this rati*, 
a middle-si/ed man, whose siirfai'c is about lo sipiare feet, is 
pressed bv 0^2,400 [xnmd weight of air all around; fiir fluids 
press equally up and dowTi, and on all sitles. Hut, because 
this enormous weight is eipial on all sides, and counterbalanced 
by the spring of the air tlifiiised through all piurts of our 
bodies, it is not in the least degree felt by us. 

A common ^^^^‘-***^*“*‘^*’ of the air is sucli, tliat 

inuukeabout w'e feel oursehcs languid and dull; wOiicli is coni- 
^ TOght of jjjQjjiy thought to be ixxrasioned by the air's lieing 
foggy and heavy aliout us. But that the air is then 
tix) light, is evident from the mcn*ury's sinking in the bai’ome- 
ter, at which time it is ginerally found that the mr has not suf¬ 
ficient strength to bear up the vapours which compose the 
clouds: for, when it is otherwise, the clouds mount high, and 
the lur is more elastic and weighty almut us, by which means 
it balances the inleriial spring of the air within us, braces 
up our blood-vessels and nerves, and makes us brisk and lively. 
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177. According to Dr. Kcill (Aitronomyt p. 232), and other 
astronaininii writers, it is (entirely owing to the atmosphere that 
the lieavenNaj1pi*ar bright in tlie day time. For, with- Without an 
tint nil atniosfiiiere, only that part of the heavens atmosphere 
w'oiild shine in which tlie Sun wasplaeeil: and if we al«ajH 
could live without air, and .should turn our backs da'kj 
toward the Sun, tlie whole heavens w'ould njipear as no twi- 
' dark as in the night, and the stars would lie seen as 
clear as in the ixx'turnal sky. In this ea.se wo should haAc no 
twilight; but a .sudden transition from the brightest hiinshiiic 
to the blackest darkness inimediatclv after sun-.set; and from 
the blackest darkness to the brightest sunshine at sun-rising; 
which would Ik’ extremely inconvenient, if not blinding, to all 
niort;\[s. Ihit, b^ means of the atmosphere, we enjoy the Sun’s 
h«hi, reflix'teil rroiii the ai-rial particles, ibr .some time before he 
rises and after he sets. For, when the Earth, bv its rotation, 
li.is withdrawn our sight from the Sun, the atmosphere Ik ing still 
higher than we are, has the Sun’s light im])urti‘d to it; which 
gradiiallv dierease*. until he has got 18 below the horizon; 
and liieii, all that part of the atniosjiliere wliieli isalnnc us Ls 
d.irk. ]‘'roni the Knglli oT twilight, the Doctor ha& calculated 
the luiglit of the atmosphere (so far as it is denise enough to 
reHei't aiiv light) to be alMiiit Ik miles. But it is seldom den.se 
eiioiigli at two miles height to lH‘ar up the clouds. 

1*8. I’he atmo‘«phere refrnet.s the Sun’s ra\s so as 
to bring him in sight e\ery elear day, before lie rises SunTtTv^ 
in the bori/on; and to kc*ep him in^iewibr some before he 
minutes after lie is really set below it. For, at some him u 
times oi' the }ear, we si*e the Sim 10 minutes longer after be 

aImim' the horizon than he would be if there were 
no refractions: and about G niinuU>.s every day, at a mean 
rate 

179. To illustrate this, let IE K be a part of the ^ 
Earth’s surface*, covered with the atmosphere H G 
F C; and let H E O be the sensible horizon® of mi obserwr at 
E. When the Sun is at A, really below the horizon, a ray of 
light A C proceeding from him comes straight to C, where it 
falls on the surface of the atmosphere, and there entering ^ 
denser medium, it is turned out of its rectilineal course A CdG 


• * Ai fitf u one can Mc round him on the evth. 
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and bent down to the observer's eye at E; who then sees 
the Sun in the direction of the refracted ray E d which lies 
above the horizon, and lieiiig extended out to the heavens,' 
shews the Sun at ^ 171. 

180. The higher the Sun rises, the less his rays are refract¬ 
ed, because they fall le.ss obliquely on the siirfm'e of the atmo¬ 
sphere, § 17!2. Thus, when the Sun i/; in the direction of the 
line Efh continued, he i> so nearly jHT|K*ndicular to the sur-' 
face of tlie earth at £, that his rays are but very little bent 
frtnn a rectilineal course. 

The quantity The Sun is about 32 of a degrei* in hi eadtii, 

of refiBction. when at his mean distance from the ICarth ; and the 
horizontal refraction of his rays is 33(‘V« which, being more 
than his whole diameter, brings all his disc in \iew, when his 
uppermost edge rises in the horiztin. A( 111* height, the re¬ 
fraction is a little more than 5'; at 20 only 2' 35"; at 30 but 
1' 38" ; between which and the zenith it is scarce sensible : the 
quantity throughout is ^hewn by the annexed table.’ 

« 

I Inutrad of Sir luac NevtonV taiilc of refractions, wlurli wa* publixhoil in all 
the former editions of this work, and was vrryjnaccurate, ne base inserted a new 
table, fbunded upon the correct obserrations of Dr. Pradley, and <>uit*-d to a mean 
itate of the atmosphere, when the liaronictcr is at riD.llit, and I'nlirciiiu'it's thcniio- 
meter at If tlic barometer be higher than !)0', and tin tlirrmomctcr lower thut 
63*, the refraction is greater than that uliich t]ie tabic assigns ; and if the barometer 
be lower than 30°, and the thcnnuincur higher than , the rrirarlion a.s.->igncd bj the 
tabic too small. In low Hltiiiidcs, this v.irutiun in the refraction, arising fioni a 
variation in the state of the atmosphere, is very coiuiderablc ; but when tlic alutude 
exceeds 60*, it may be safely neglected.—£i/. 
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182 . A Table ^hrmin^ the Refra(lions of the Sun, Moon, ami Stars, 
futapled to their apparent Altitudes, and to n mean stale of the At¬ 
mosphere, n'hen tlw Harometer is at JO.OO, and the Thermometer of 
Fahrenheit at 


Appar. Alt. 

]li.‘rraituiii. 

Ap. Alt. 

Kcfncuon. 



D. 

M. 

ai. ii. 

D. 

M. 

s. 

it. 


B 

0 

0 

32 54 

21 

O 

27 

56 

0 

38 

0 

15 

30 30 

OlJ 

1) 

20 

57 

0 

37 

0 

30 

28 17 

23 

o 

13 

58 

0 

35 


45 

26 16 

24 

o 

i 

59 

0 

31 

1 

0 

21 24 

25 

2 

1 

60 

0 

33 

1 

15 

22 43 

26 


56 


0 

32 

1 

30 

21 11 

27 


51 


0 

.30 

ft 

•n- 

19.1^’ 

28 


46 


0 

29 

»> 

0 

‘ IS 31 

2.9 


42 

64 

0 

28 

C) 

30 

16 20 

30 


38 

65 

0 

26 

» 

0 

11 32 

Kl 

1 

31 

66 

0 

25 


30 

IS 3 


1 

SI 

67 

0 

21 

4 

0 

11 IS 


1 

27 

68 

0 

23 

4 

30 

10 45 

31 

1 

21 

69 

0 

oo 

.'i 

0 

9 51 

35 

1 

21 

70 

0 

20 

a 

.30 

9 5 

■■MM 

■ m 


18 

71 

0 

19 

a 

0 

8 25 

■« 


15 

72 

0 

18 

6 

30 

7 50 

■ SB 


13 

73 


17 

7 

0 

7 20 

39 

1 


74 

0 

16 

7 

30 

6 53 

40 

1 

8 

75 

0 

15 

8 

0 

6 29 

41 

1 

5 

76 

0 

14 

8 

30 


•12 

1 

3 

77 


13 

9 

0 


43 

1 

1 

78 

0 

12 

5) 

30 


44 

0 

59 

79 

0 

11 

10 

0 

5 11 

45 

0 

57 

80 

0 

10 

11 

0 

4 -16 

46 

0 

55 

81 


9 

lii 

0 

4 23 

47 

0 

53 

82 


8 

IJi 

0 

4 2 

48 

0 

51 

83 

Bj 

4 

14 

0 

3 45 

P 

0 

49 

81 


6 

15 

0 

3 30 

50 

0 

47 

85 

Ii 

5 

16 


3 16 

51 


46 

86 

0 

4 

17 


3 4 

52 


44 

87 

0 

3 

18 


2 54 

53 


42 

88 

0 

o 

19 


• 2 44 

51 


41 

89 

0 

1 

20 


2 35 

55 


39 1 

IK) 

0 

0 


voi.. T. 
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183. In all (>hhervutu>ii», to liavi* the true altitude of the 
Sun, Motin, or stars, the reirnctioii must bt* subtracted from 
The incon- observed altitude.- Ibit the quantity of refrac- 
«tan^ of le. tiou is not always the same at the same altituile; 

lH*eause heat diminishes the air’s refractive |X)wer 
and density, mid cold increases Ixith; and, therefore, no one 
table can serse firecisely for the same place at all sea.sons, nor 
even at all times «)f tlie same day; much less for different cli¬ 
mates; it having been ol)sor\cii, that the horizontal refractions 
are near a thin! jxirt less at the e([ualor tiiun at Paris, as 
mentioned by Dr. Simtii in the 370tii remark on his Optics, 
where the following .account is giAcn ol* an extraordinary re¬ 
fraction of the Sun-lieanis by cold :—‘ There is a 
nwrkluecase fauMOUs obsiTvatioii of tills kiiul made by some IIol- 
concerning landers tlial winterwl in Nova ‘^eihbla 'ill the ^ eai 
lo96, who were siirjirist'd to find, tliut, after a con¬ 
tinual nigiit of 3 months, the Sun began to rise 17 days siKtiiei 
than according to computation, deiluced from the altitude of 
the (xile, tibseia’ed to lie 7() : which cannot otherwisi. Ik* ac- 
rounlcal for, than by an extraordinary refrju-lion of the Sun's 
rays, jxisyng through the cold dense air in that climate. KepUr 
computes, that the Sun was almost o below the hori/on when 
he first ap[x:ared; and, consequentiy, tlie refraction of hu 
rays was alxiut 9 times greater tlian it is with iis.’ 

Plate II. MtxHi a})}>ear of an oval figure. 

Fig. 10. a.s FC GIJ, just after their rising, and before their 
setting: the reason is, that the refraction being greater in the 
horizon than at any distance alxive it, tlie low'erniost limb G 
appears more elevated than the uppermost. But, although the 
refraction shortens the vertical diameter FG, it has no sensible 
effect on the horizontal diameter CD, w'hich is all ctpially ele¬ 
vated. When the refraction is so small as to be imjierceptible, 
the Sun and Moon appear (xo-fectly round, as AEBF. 
Onrima^na- daily observe, that the objects which aj>- 

tion cannot pear most distinct are generally those which ore 
of^di^i^ nearest to us; and, conscciucntly, when we have no- 
ofinaecosible thing but our imagination to assist us in estimating 
objects. distances, briglit objects seem nearer to us than tliosc 


• The observed altitude of the cdestial bodies mutt slio be corrected bjr the ap¬ 
plication of ]Hirallax.-«>£<f. 
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wliich lire less liriglit, or than the same objects do when they 
ap]K.'ar less bright anti worse defined, twen though their distance 
in Ixith cast's be the same. i\nd if, in liotli cases, they are seen 
under the siitue aii^le,*’’ our imagination naturally suggests an 
idea of a greater distance between us and those objects wliicli 
ap{K'nr fainter and worse defined, than those which ap]x>ar 
brighter under the sanie^ingles; es]>ecially if they be such ob¬ 
jects as we were never near to, and of whose real magnitudes 
we can Ik* no judges b}’ sight. 

18C. liut, it is not tinly in iudmn»;of the different , 

* ^ aIw&vs 

a])^)nrent magnitudes of the same objects, which arc of those ^ 

In'tter or worse defined bv their being more or less ^hich are 

• iicces&iblco 

bright, that we may be deceived: for w’e ina}' make 

ajyj^n^onclijsioi^t^-eii wJien we view them under equal de- 

gri'es of brightness, and under e<{ual angles; although they be 

objects whose bulks we are generally acquainted with, such as 

houses or trees: fur proof of which, the two fulluw'ing instances 

may suffice. 

^ An anulo is tlir inrlination of t«o right linc^, as / // and K //, , 

- .. >11 , . 1 , Platen, Fig.iS. 

inerting in .i point at II; anil in (Icsrribing an angle by three letters, 

the middle letter nlvjy<i denotes tlic angular point; thus, the above lines I // and 
K II nieviing e.'iih other at //, make the angle 1 // K. And the point H is sup¬ 
posed to be the centre of a circle, the circumtcrcnce of which contains 360 equal 
|)Hrts, rolled degrees. A fourth part of a circle, called a quadrant, as C £, con¬ 
tains 00'; and every angle is measuretl by tlie number of degrees in the arc it cuts 
oiT; the angle /.’ 7/ P is dfr, the angle EIIF &r. and so the angle 
E II F IS the same «ith the angle C I! ,Y. and also with the angle A II Af, because 
they all cut off the same are or portion of the quadrant E G ; hut the angle E II F 
IS greater than the angle (' II I) or A I! L, because it cuts off a greater arc. 

The nearer an object is to tlic eye, the bigger it appears, and under the greater 
angle is it seen. 'I'o illnstratc this a little, suppose an arrow in the position IK, 
peqiendicular to tlie right line IIA, drawn from die eye at II through the middle of 
the arrow at O. It is plain that the arrow is seen under the angle IIIK, and that 
7/0, whidi is Its distance from the eje, divides into halves both the arrow and the 
angle under which it is seen, viz. the arrow into 70, OK, and the angle into IHO 
and KUO • and this will be die rose whatever distance the arrow is placed at Let 
now three arrows, all of the same length with IK, be placed at the distances HA, 
lie, HE, sdll perpendicular to, and bisected by, the riglit line HA ; then will AB, 
CD, EF, be equal to, and repreaent 07 ; and AB (the same aa 07) will be seen 
from 11 under the angle AHB; but CD (the some as 07) wiU be seen under the 
angle C/77) or AIIL ; and EF (die some ns 07) will be seen under the arigle 
EHF, or CHX, or AHM. Also EF or 07 at the distance HE wUI appear as 
long as ON would at the distance HC, or as AM would at the distance HA ; and 
CD or lO at 4hc distance HC wiU appear as longas AL would at the distance HA. 
So that as an object approaches the eye, both ita magnitude and the angle under which 
a is seen increase; and os the object recedes, the contrary. 
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The muon First, WluMi » house is seen over a very broad 

aseigned. by a person standing on low ground, who sees 

nothing t>f the river, nor knows of it beforehand, the breadth 
of the river being hid from him, because the iMinks seem con¬ 
tiguous, he loses the idea of a distance equal to that brcodtli; 
and the house seems small, because he refers it to a Im dis¬ 
tance than it really is at. But, if he g6es to a place from which 
the river and interjacent ground can lie sei-n, though no farther 
from the house, he then |K‘rceives the house to be at a greater 
distance than he imagined; and therefore fancies it to Ik‘ biggi'r 
than he did at first; although in Inith cases it apjwars under 
the same angle, and, conse<{uently, makes no bigger ]iictiire 
on the retina of his eye in the latter case than it did in the 
former. Many have been deceived, by a retl<e<;ig[t of 

arms, fixed upon the iron gate in C'lare-hall walks nf ('ambridgi*, 
for a brick house at a much greater distance.^ 

Secondly, In foggy weather, at first sight, i\c gi>nerally ima- 
ginc a small house, which is just at hand, to Ik* a great castle 
at a distance; because it appears so dull and ill defined, wlu'ii 
seen tlirough the mist, that we refer it to a much greater dis. 
tance tlmn it really is at; and, therefore, under tlu* same angle, 
we judge it to be much bigger. For, the near <i|j- 
ject FE, seen by the eye A BI)^ apfu'ars under the 
same angle GCH that the remote object GIII d(H>s: and 
the rays GFCN and HECM crossing one another at C in 
the pupl of the eye, limit the size of the picture At N on the 
retina; which is the picture of the tihject /’/J, and if FE 
were taken away, would be the picture of the objt'ct G H /, 
only worse defined; because GHI, being farther off, ap{H'ars 
duller and fainter than J'.E did. But when a fog, as K L, 
oennes between the eye and the object FE, the obji'ct ap|iears 

* The fidds which tre beyond the gate mt gradually till diey are juat wen over 
it; and die anu being red, are often mhtaken for a houac at a conaidciable diatance 
in dioae Sdda. 

I once met with a curioua decepdon in a gcndeman'i garden at Hackney, occa¬ 
sioned by a large pene of glasa in the garden wall at acme diatance from hie houa& 
The ^aea (dmmgh which the aky waa acen ftom low ground) reflected a very faint 
image tit the houee; but the image seemed to be in the clouda near the horiaon, and 
St that distance looked as if it were a huge cattle in the air. Yet, the angle under 
wUdi the image appeared, waa equal to that under whkh the houae wae aeen: but 
tfieimi^ being moitally teftned to a mudi grata distance than the house, ap¬ 
peared much biggato dw imagination. 
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dull and ill dc'finud like GHI; which causes our imagination 
to refer FE to the greater distance C Hy instead of the small 
<listaiice C E which it really is at. And, consequently, as mis¬ 
judging the distance dues not in the least diminish the angle 
under which tlie object appears, the small hay rick FE seems 
to 1h‘ as big a& GHI. 

187. The Sun and Moon apjiear bigger in the ^ 
horizon than at any considerable height above it. Sun and 
'J^hese luiiiinaries, although at great distances from 
the Kiirtli, ap^icar floating, iis it were, on the sur- in dw hori- 
liu’c i»f our atmo»phere HGFJ'cQ\ a little way be- 
\oiid the clouds; of which those alxnit F, directly Fig. 9. 
over our heads at £*, are nearer us than those* alx)ut H or r in 
ihejiytiij*’** //JC^^l’herefore, when the Sun or M(K>n apjx’ars 
in the horizon at e, they are not only seen in a {lart of the sky 
whieli is really I’arther fnan iis th.'in if they were at any eoii- 
Mderable altitude, as alxiut J'; but they are also seen thniugh 
a greater t|u:intit\ of air and >a|M>iirs at e than at,/? Here we 
ha>e two eoneiirrmg ajljiearaiues whieli deeeixe our imagina^ 
lion, and cause us to I'efer the Sun and AIiniii to a greater (|iis- 
taiice at their rising or setting alnuU i\ than when they arc con- 
sidira1)l_\ high, as at J': first, llieir seeming to be on a part of 
the almosphire at r, which is really farther than,/from a sjjcc- 
tator at F.; ami, seconill\, their being seen through a gmssei 
nu'ditim when at c, than wlieii at,/*; which, by rendering them 
dimmer, causes us to imagine them to be at a yet greater dis¬ 
tance. And as, in both cases, they are seen' iiiiieh under llie 
siine angli', we naluralU judge them to Ik* biggi‘st when the} 
si*eni fiiiilK‘st from us; like the alxive-meiuioiu'd liousi', ISb, 
sirii from a higlier ground, which shewed it to lx farther ofl' 
than it apjieared from low ground; or the hay rick, which ap¬ 
peared at a greater distance by means of mi inteiyiosing lug. 

1S8. Au> one may satisfy himself that the Muon . 

•, • 1 • 1 1 • I T-har appa- 

appears uniler no greater angle in the horizon tiian ,ent dumc- 

on the meridian, by taking a large sheet of paper, 

and rolling it up in the form of a tube, of such a meridian 

width, that, observing the Mixm thnnigh it when 

she rises, slie may, as it were, just hll the tiilx; then • 

'' The Bttii and Moon subtend a greater angle on the meridian tlun in tlic hoiMOii, 
being nearer the observer's filacc when tlicy aic in the meridian, bv tJic whole brim- 
dioiiirter of the l^artli. 
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tie a tliix'ad round it, to kee}) it of that hize; and when the 
Moon cfinie.s to the nicridiaii, and apjiears much less to the 
eye, look at her again through tJie saine tube, and slie will fill 
it just as much, if not iiioiv, than she did at her rising. 

189- When the full Mixm is in pcri^a\ or at her least dis. 
tance from the F.urlii, s]ie i- seen under a larger angle, and 
must therefore ajijiear bigger than uhen she is full at other 
times; and if that jxirt of the atmosphere \\ here she risi‘s be* 
more replete with vapiurs than usual, she a|)]H‘ars so much the 
dimmer; and, therefore, w'e fancy her to be still biggcT, by 
referring her to an unusually great distana'; knowing that no 
objects W’hich are very far distant can appear big unless they 
be really so. 

•••• 

( HAP. IX 

THE METHOD OF I'lNDlM'. TUI lUSTAXei s OF Till Si N, MOON, 

AND I'l.VM.Ts. 

190. Those who have not learned how to take the' altiludi' 

• • 

of any celestial object In a coniinon (|U.‘tdraiit, nor know :in\ 
thing of plain trigonometry, ni.'ix pass omt the first article of 
this short chapter, and take the astronomer*^ word for it. that 

* The altitude of any celc<>tidl obji'irt is an an* nf tin* sky iiiloropted betueoi tlie 
horizon and tlie ohjcct. In (id Tlati 11. kt // O X ht a lii>ri/unt.tl hiii*. Mip- 
poMid to be cxtendcti from the vyc at to A', wliere tlu sky and I'.drlli moii to iiii'O 
at the end of a long and le\(l plain; and let A be die Nuo. 'J'lie .irr A' V mil lie the 
Sun's height abine the lion/un at A', and is found b) the instninjcnt K C IK aliuh 
is a quadrantol board, or plate of inilal, dnided into tJd eijual part& or dcgreis on ita 
limb D I* C f and halt a couple of liitlt br^ss plates, ah a and f, with a Miiidl liuk in 
each of them, called night-holra^ for looking through, parallil to the edge of Uu* qu.id- 
nnt whereon they stand. To the centre E ia fixed one end of a ilirvail called the 
plumb fine, which has a small wiightor plumet /* fixed to its otlnr end. Now, if an 
observer holds the quadrant upright, niihoutinciiningil toeitlier side, and so that the 
horizon at AT is seen through the sight holes a and b, tlic plumb line will cut or hang 
over the beginning of the degrees at 0, in die edge E C ,* but if he elevates the quad¬ 
rant so as to look through the sight holes at any part of the heavens, suppose the Sun 
at .V; just 10 many degrees as he elevates the sight hole b aliovc the hoiizontal line 
// O AT, BO many degrees will the plumb line cut iff the Lmb (’ J* of the quadrant. 
For, let the ob(icrver*8 eye at A! be in tlie centre of tlic celestial arc AT K I' (and he 
*may be said to be in the centre of the Sun's ap]>arcnt diurnal orbit, let him be on 
what part of the Karth he will), in which arc the Sun is at that time, suppose SA" high, 
and let the observer hold the quadrant so that he may sec the Sun thruugh dir Mghi 
holM; the plumb line freely playing on the quadrant will cut the 25” in thii limb C /*, 
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the distani'es oi’ thi* Sun and planets are as stated in Uie first 
ohapU'r of this Ixjok. But, U> every one who knows how 
to take tile altitude of the Siin, the Moon, or a star, and can 
solve a plain ri^ht aiij^led trianpflc, the follow'inflf method of 
finding the distaiiees of the Sun and Moon, will he easily un 
d(;r.slo(Kl. 

Let B A G Ih‘ oiie-lialf of the Karth, A C its st*- piatc IV. 
'^inidiunieter, S the Sun, m the Mcxmi, and E K O L 
a quarter of the cirele de>CTlbed by the Moon in revolving from 
the nieridiHii to the meridian a^ain. Let C /f A’be the rational 
horizon of an observer at A^ extended to the Sun in the hea¬ 
ven''; and 11 A O his sensible horizon, extcntled to the Moon’’! 
orbit. A 1. f'is the angle under which theKarth’s seinidiainetei 
-f C ^ 'is .smi fro m the ^loon at Z,, w'hieh is equal to tJie angle 
O A Ly boeaust‘'"ilk* right lines A O and (' which include 
Ihilh these angles, are parallel. {Euclid^ Ixiok I, prop. 29.) 
A SC is the angle under which the Larth's semidiameter A C 
Is s(.*eu from the Sun at .S', and is e([ual to the angle O A Ik*, 
cause the lines A 0 and C B S are parallel. Now, it is found 
b\ observation, that the angle () A L is much greater than the 
angle O AJ'i but O A L is etpial to A L i\ and 0 /’isequal 
to A S C. Now, as A S C is much less than A L C, it proves 
that the L.irlh's seinhliameter A C appears much greater as seen 
fnaii the Mimiii at /., than from the Sun at .S’; and, therefore, 
the Karth is much farther from the Sun than from the Moon. 
(Note on I So). The quantities of these angles may be de- 
tennmeil bv obsiTvalioii in the following manner. 

Let a graduated insiriiment, as D A E (the larger the bet¬ 
ter), having a nmvcable index with sight-holes, be fixed in mch 
a manner, that its plane surface may Ik* parallel to the plane of 
the eijuator, and its edge A D in the meridian: so that when the 

rc]U.J In till mill lior ofdr^m'is ofihc Sun'&altituilr attlir uiiicof nbficnation.* 

A*, /i. VluK'vcr liKikfe at the Sun iiiuht have a omuked ('lass betorc his eyes tusavc 
tliciii fruui hurt. The better way !!• not to look at the Sun through tlie sight holes, but 
to hold the quadrant facing the rye, at a little distance, and so tliat the Sun bliinlng 
through OIK. hole, the ray iiiiiy be seen to fall on tlic otlicr. 

• I liiM ulio U< ou Ml in 1 1 ( f 111.11I1 III 'us, iks that tlu> thiit. angles oi trungk ait iqiiil 
I I lull ,iii| It {LhJhI, Ik l,|ini|. '.‘l, will i.imI\ iiiulfistaiiil Iiow the i|unilranl gi.tsusihi' 
.tiiitiMlt i<K.|i.il btidi. Slim flo \ I, a hniianiilal liiu, ami I.KI' |ioi]h‘i iliiiilai tntite 
Ihii i/imi, a II 1 »ill be a riglil oiigleil tTi.uigli, and the two angles A K II, II A H, tf|iMl to « iighi 
.aigit. Diit as I Ji( is a light atigh', A K II and It Lt mi liigither ii]ual to a tight angle I lom 
tath nt ih|.a lak^thi angle 11.' /I, •iiidtiii itiiiaiiitlri, iilr. ( , or 1*1' ( , w ill hi e(|iial to It II Hie 
altiliiik "1 the telesti.il IkmIi 4 .—JA/. 
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Moon is in the eciuinoctial, and on the meridian A D she 
may be seen through the siglit-holes, when the edge of the move¬ 
able index cuts the bej^nning of the divisions at 0, on the gra^ 
duated limb DE; and when she is so seen, let the precise time 
be noted. Now, as the M(k>ii revoh es alxml the Eardi, from 
the meridian to tlie meridian again, in almiit 48”', she will 
go a fourth part round it in a fourth pttrt of tluit time, viz. in 
6** 12™, as seen from C, that is, from the Earth’s centre or jx>le.‘ 
But as seen from A, the observer's place on the Earth's surface, 
the Moon will seem to have gone a quarter round the Earth 
when she comes to the sensible horizon at 0; for the index, 
through the sights of which she is then \ ievi ed, will Ix! at d, 9U 
from 2), when* it was when she was swn at E. Now, let the 
exact moment when the l^Iooii is sivn at (w hich w ill be w hen 

she is in or near the sensible horizon) be (^aRiiiUy DoteH,* llint 
it may bt* knowTi in what time she has gone from K to O; which 
The Moon’s **ubiracted fn»m 6*' 12*" (the time of her going 
horizontiliw. from K to L J, lea\ es the time of her going liuiii O 
nllax, what. afl’orils an easy method for linding Uie angle 

O A L (called^Mc MnoiCs Iwrit^talparalUui\ which is etjual to 
the angle A L C) by the following analog} : as the time of the 
Moon's describing the arc E O is to 90, s«) is C** 12“ to the de¬ 
grees of the arc D dE, which measiire.s the angle E A L; from 
which subtract 90', and there remains the angle O A Z, e([uul 
to the angle A L C, under which the Earth's .si>midiameter J C 
is seen from the Moon. Now, since all the angles f)f a right- 
lined triangle arc equal to 180’, or to two right angles, and the 
sides of a triangle are always pro|H>rtiunal to the sines of the 
opposite angles, say, by the rule three, as the sine of the angle 
The Moon’s ^ C 2 ,t the Moon L is to its op}xisite side A C, the 
distance de- Earth's semidiameter, which is known to lie 0,985 
tennined. miles, SO is radius, viz. the sine of 911, or of the right 
angle A L Cy to its opjiositc side A />, w'hich is the Mcxin's ilis- 
lance at L from the observer's jilacc at A on the I'artli's siirl’uce; 
or, so is the sine of the angle C A L to its o})]M>siu> side C L, 
W’hich is the Moon's distance from tlie Earth's centre, and comes 
out at a mean rate to be 240,000 miles. The angle CAL is 

equal to what O A L wants of 90’. 

• 

* Hen proper allowance mnst be made toi the rcfiaction, which being about Sit 
minutet of a degree in the horizon, will cause the Mooa’i centre to appear 33 minutes 
above the horizon edien her centn is nail jin it. 
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191 . The Sun'’s distance from the Earth nughtbe 
found the same way, though wiUi more difficulty, if dittmoecNi. 
his Imrizontal parallax, or the angle OJ 6', equal to 
the angle A S were not so small, as to be hardly mined a* Uk 
[ lerceptible, being scarce 10", or the 360th part of a ** 
degree. But the Mewn's horizontal parallax, or angle O A L, 
e(]uul to the angle A LJC, is very discernible, being 57' 18", or 
'HHiS'* at its mean state; which is more than 340 times as great 
as the Sun's : and, therefore, the distances of the heavenly bodies 
being inversely as the tangents of tlieir horizontal parallaxes, 
the Sun's distance from the Earth is at least 340 times as great 
as the Moon's; and is rather under-rated at 81,000,000 of miles, 
when the Moon's distance is certainly known to be 240,000. 
But Ux'ause, ai'cording to some astronomers, the Sun's ho- 
ri/ont^ parallaST^ 11", and, accfirding to others, only 10", 
the former (larallax making the Sun's distance to lie about 
75,000,000 of miles, and tlie latttT 82,000,000; we may take 
it for granted, that the Sun's distance is not less, than as de¬ 
duced from the former,, nor more than as shewn by the latter: 
and every one w’lio is accustomed U) make such observations, 
knows how hard it is, if not inqxissible, to avoid an error of a 
sectmd; e^jn'cially on account of the inconstancy of horizontal 
refractions. And liere, the error of one second, in so small an 
angle, will make an error of 7,(K)0,()0t) of mile!* in .so great a 
ilislance as that of the Sun's. But Dr. Halley has shewn us 
how' the Sun's distance from the Earth, and, consequently, the 
distances of all the phuiets irom the Sun, may be know n to W'ith- 
in a 500th |»art of the whole, by a IraiLsit of \'enus over the Sun's 
disc, which will haqqien on tlie 6tli of June, in the year 
1761; till which time w'e must content ourselves w'iUi truth it maj 
allowing the Sun's distance to be about 81,000,000 
of miles, its commonly stated by astronomers.'^ 

19^1. The Sun ami Moon apq)ear mucli about the The Sun 
same bulk ; and every one who understands geome- 
try, knows how their true bulks may be deduced bi^^tlian 
from the aq)parent, when their real distances are Moon, 
known. Spheres are to one aiu^ther as the cubes of tlanr dia¬ 
meters ; whence, if the Sun be 81,000,000 of miles from the 


^ From obacrvatioiui on the tronut of Venub in 17C1 and the horizontal 

pamllax of the Sun was found to be nearly which gives us for the mean distance 
of the Sun fnlbi the Earth U5,0t)0,tlU0 of milea.— 
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Earth, to appear as big as tlio Mckmi, whosi' distuiici* not 
exceed 240,000 miles, he must, in solid bulk, he 42,875,000 
times as big ns the M(x>n. 

193. The horizontal jNirallnxos are licst oliserv'ed at the wjiia- 
tor: 1. Because the heat is so nearly t’qiial every day, that the 
refractions arc almost constantly the sjime: 2. Because the {ki- 
rallacdc angle is greater there, as at J (die distance fi-oiii theiu e 
to the Earth's axis being greater), than upm any jiarallel of 
latitude, as a or b. 

Theielatiw distance from the Sun being 

of detennined, the distanci's of all the other planets from 

arc easily tiiund by the folhming analogv, then 

•leknownto periods round him iK’ing astvrtaineil by obser\atioii. 

As the square of the Earth's ]MTiod nmnd the Sun, is 

their real dis- to the cul>c of its distaiicefrom the Sun, wi is tfu^squjuv 

tancesarrnot t||p i)eri(xl of anv other i)lanet to the cube of its dis- 
aell knoan. i i , 

tance in such parts or measures a- the Earth s distaiiet 

,was taken; see § HE This pro{H)rtion gives the relative iiie.in 
distances of the planets from the Sun to the greatest clegrtvof ex¬ 
actness; and they lueas follous, having been deduced from then 
periodical times, according to the law just mentioned, \\hieli vas 
tliscovcred by Kepler, and demonstratiKl by Sir Isiuu- Newttm ■* 
195. These numbers .shea, that although ue ha\e the rela- 

* The fullo«ina calculation^, except thuoc in tin iwo last lint , were ptintLcI in 
former editions of this work, betiire the year 17VI. Ninrv tliat iiiiii, these tao Inns 
(aa found by the transit a. X). 17 til) were added ; and also i) Itl.'i. 

PsaiODicAi. iii-voiCTioys to the same iixiii stah is I)a\s ami 
DLllMAl. PAHS or A DAY. 

Mercury Venus The I'artli Jtlan .Iiii)iii.r tSatuni 
fl7.!lG»2 224.(il7e UG:i.2.Vit GHC.!l7n<'* 107 .'ia.i> 7 .. 

Ilelativc mean distances from the Sun. 

38710 72333 lOOtMHI 152380 .'»20(lfW; O.'iinOG 

I'nm numbers we deduce, that if the Sun's horizontal jmrollax lie 10", tin. Kai 
mean di* **"^'* of the planets irotn the Sun m Kn{{hHli iiiilvs are 
31,742,200 113,060 H2,IM>0,0<»0 124,J)42,680 42«,47«,7‘-’8 7fl2,2iM,!l20 

Hut if the .Sun's parallax be 11", their distances are no more tbiui 
2!),032,.'M)0 54,238,370 75,000,0(K> 114,278,7'>0 3181,034,300 713,.iOI,.VMI 
r.TT(>rs in dintance nrining from the nmuke of I" in the Sun's {mrallax. 
2,709,7IHI 3 , 074,490 7,WM»,(HM» W.WW.O.'M) ;i8,114,220 oe,74M>,l20 
^ui, from the late transit of Venus A. n. 1781, the Sun’s parallax apjiears U» l»c 
only 8" ,V„; and, according to Uiat, thmr real diataiiees in miles are 
38,841,108 «8"89I,48C 95,173,127 145,014,148 494,990,978 (M>7,93e,i:0» 
And thdr diauietm in miles are ^ 

93«« 7970 3150 91,100 


3100 


77,990 
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live distxulccs of the from the Sun to the greatest nicety, 

yet the liest observers could not ascertmn their true distances, 
until the late long-vrished for transit appeared, which we must 
confess was enil>arras.scd with several difficulties. But there 
will be another transit of Venus over the Sun on the 3d of June 
1769, much Ix'tter suited to this great problem. We wish the 
sky may he clear at all places of observation, ranee there will not 
*l)e such an ojiportunity ^ain in less than lOiS years afterwards. 

196. 'I’he Karth's axis pnaluced to the stars, being carried® 
|)arallel to itself during the Karth’s annual revolution, describes 
a circle in the sphere of the fixed stars equal to the orbit of the 
Karth. But this orbit, though very largi', would '\\'hytheee< 
seem no bigger than a jwint if it M^re viewed from 

the .stai-s ^ and, con'^y oueiitlv. the circle describwl in 

tile sphere rtf' the stars by the axis of the Earth pro- 

diiced, if viewed from the Earth, must ajipear hut as ent, notwitli- 

a ixiint, that is, it** diameter apix'ars t(x> little to be 

,1 , • ^ II , r.artU fi mo- 

nieasured by observation; for Dr. Bindley has a.s- non round the 

sured us, that if it had ifmounted to a single second, 
or two at mo.st, he should have perceived it in the great num¬ 
ber of obsen ations lie has made, esjxrially iqxm y Draconis, and 
that it seemed to him very firobable that the annual |>arallax of 
this star is not so great as a single second, and consetjuontly that 
it is alxiA (‘ 4(H),000 times farther from us than the Sun. lleiici*, 
the celestial jxilcs seem to continue in the same jxiiiits of the 
heavens throughout the year, Mhich by no means disproves the 
Earth's annual motion, but plainly proves the distance of the 
stars to be exceeding great. 

197. The small apparent motion of the stars, § 113, dis¬ 
covered by that great a.stronomer, he found to be noii\ise ow¬ 
ing to their annual parallax (for it came out contrary thereto), 
but to the aberration of their light, which can result from no 
known cause besides that of the Earth's annual motion; aud 


as it agrees so exactly therewith, it proves Ix'vond dispute that 
the Earth has such a motion; for this aberration c*ompletes 


all its various phenomena every year, and proves I’hc amazing 
that Uie velocity of .star-light is such as carries it 


’’ By tins ib meant, diat if a line be sapposrd to be draa ii parallel to tlic Bartli'z 
a\ib in any part of ita orbit, the avia keeps parallel to that line in e^'ciy other part of 
its orbit; as in Kig. 1. of Tlatc V, where a b e d cf g k reprewnts the KartliV orbit 
in an oblique view, and Xt the Earth’s axis keeping always jxirallvl to the line MX. 
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through ft space equal to the Sun's dhitaiicte from us in S'” 
18* of time. Hence the velodty of light is (Smith'* Optic*^ 
§ 1197), 10,310 times as great os the Earth's velocity in its 
orlut; whidi velocity (from what wc know alr^y of the 
Earth's distance from the Sun) may be asserted to be at least 
between 57 and 58,000 miles every hour; and supposing it 
to be 58,000, this number multiplied by the 10,210, gives 
592,180,000 miles for the hourly motion of light, which last 
number divided by 36(K), the numlier of si'conds in an hour, 
shews tJuit light flics at the mte of more than 104,000 miles 
every second of time, or swing ol* a common clock pendulum. 
See § 166, note. 


CHAr. X 

THE ('1R(LKS or TllK r.lORE DKSCUIBLU-Till- UIFFF.RKM 

LENGTHS OK llAV*. AM) Xll.HTs, AND Till- VlCISSlTtlDES Ol 
SEASONS CXFLAINED—Till' EMM.ANATION Ol- THE FlIKNO- 
MEKA OF SATCUN's RING ('ONCLbUKD. (sF.l (if 81 AND 82.) 

Circles of the 198. If the reader Ik* hitherto unactjuuinted with 
•{Aerc. tlij. principal circles of the glolK*, he should now 
loam to know them, which he may do suflieienlly for liis pre¬ 
sent purpose in a (jiiurter of an hour, if he stls the ball of a 
Plate IV. terrestrial glolw* Iw'fore liini, or hioks at the figure 
Pig* 2* of it. wherein these circle.s are draw n and named 
The e(|uator is that great circle which ditides the iiorthini half 
of the I'iarth from the southern. The tiofiics are lesser circle.s 
parallel to the etjuator, and eacli of them is 23^' from it, a de¬ 
gree in this sense lK*ingthe 360th (lart of any great drcli' which 
(lividcs the Earth into two equal [lorts. The tro})ic of Cancer lies 
on the north ude of the equator, and Uic tropic of Capricorn 
on the soudi. The arctic circle has the iiortli (xile 
for its centre, and is just as far from the nortli {xile 
lar oTcln, jw the tropics are from the equator; and the antiirc- 
an poles. circle (hid by the supposed eoiivcxity of the fi- 
, gure) is just as far from the south jwlc every way round 
it. These |)olcs arc the very north and south points of the 
globe; and all other places are denominated northward oi 
southward, according to the dde of tlic e(|ualor they lie* on. 



CH. X. OF THK SIFFEtEOT SEASOMB. 03 

and the pole to which they arc nearest. The Earth's 
axis is a str^ht line pasung through the centre of 
tlic Earth, perpendicular to the equator, and terminating in 
the poles at its surface. This, in the real Earth and planets, 
is only an imaginary line, but, in artifidal globes or pUuieta, it 
is a wire by which they arc supported, and turned round in 
orreries, or such like machines, by wheel-work. The 
*rin’les IS, 1, 2, 3, 4, 8 ec. are meridians to all places 
they {MSS through; and we must suppose thousands more to 
l)e drawn, because every place that is ever so little to the east 
or west of any other place, has a different meridian from that 
other place. All the meridian.s meet in the poles, and whcii- 
(‘ver the Sun's centre is passing over any meridian in his appo- 
rent motion^round the Earth, it is mid-day or noon to all places 
on tliat mmdinn. 

190- The broad space lying between the tropics like a girdle 
.surrounding the globe, is called the torrid zone, of 
which the equator is in the middle all around. The 
.sjiacc l)ctween the tropie of Cancer and arctic drclc is called 
the north temperate zone. That between the tropic of Capri, 
com and the antarctic circle, the south temperate zone. And 
the two circular spaces bounded by the ^wlar circles are the 
two frigid zones, denominated north or south, from that pole 
which is in the centre of the one or the*other of them. 

200. Having acquired this easy branch of knowledge, tlie 
learner may proceed to make the following experiment with his 
terrestrial ball, which will g^ve him a ploiu idea of the diurnal 
and annual motions of the Earth, together with the different 
lengths of days and nights, and all the beautiful variety of 
sea.suns depending on those motions. 

Take about seven feet of strong wire, and bend Plate IV, 
it into a rirculor form, as abed^ which being viewed Fig. a 
obliquely, appears elliptical as in the figure. Place 
a lighted candle on a table, and having fixed one diewii^Uie 
end of a silk thread K to the north pole of a small 
terrestrial globe H, about three inches diameter; and 
cause another person to hold the wire circle, so that 
it may be parallel to the table, and as high as the rf ■easom. 
fiame of the candle /, which should be in or near the centre. 
Then, having twisted the thread as towards the 1^ haid, 
that, by uAtwisdng, it may turn the globe round eastward. 
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or contrary to the way that tin* tiands of a watch move; hoitg 
the glolx: by the thread within tills circle, almost contiguous ti> 
it, and as the thread untwists, the glolw (which is enlightened 
lialf round by the candle, as the Ktuth is by the Sun) will 
turn round its axis, and the different places upon it will lx; 
carried through the light and dark hemispheres, and have the 
appearance of a regular succi'ssioii of days and nights, as our 
Earth has in reality by such a motion. As the globe turns, 
move your hands slowly, so as to carry the glolic round the 
candle ocairding to the order of the letters hIh'iU keeping its 
centre even with the wire circle ; aiul you will |»creeive, that 
the candle lieing .still ]x*rpeiidicular to the e(|uator, will en¬ 
lighten the glolie from pole to 2>olc in its wliole motion round 
the circle, and that every place on the*irlolK* iMui ally 
through the light and the dark, as it turns round by the un¬ 
twisting of the thread, and therefore has a iXTjX'tual etpiinox or 
equality of day and night. The glolx' thus turning round re¬ 
presents the Earth turning round its axis; and the ni(»tion of 
the globe round the candle repre.sents tU* Earth's annual motion 
round the Sun, and shew's, that if the Earth's orbit hud no in¬ 
clination to its axis, all the davs and niiflits of the vi‘ar would 
lie equally long, and there would be no diflereiit seasons, iiut 
now, desire the person w'ho holds the wire to hold it oblii^uely 
in the |X)sition ABCD, Vaising the side ?z. just as iniich ns he 
depresses the .side 1*$, that the Hame may be still in the plane of' 
the circle; and twisting the thread as Ix'fore, that the gloIx' 
may turn round its axis the same way as you carry it round the 
candle, that is, from West to East, let the glolx* down into the 
lowermost part of the wire circle at and if the circle lx* pro¬ 
perly inclined, ^ the candle will shine pi'rjK'ndicularly on the 
Summer tropic of C’ancer, and the frigid zone, lying within 

aobtice. the arctic or north fxilar circle, w'ill lx: all in the light, 

IS in the figure; and will keep in the light, let the globe turn 
Yiund its axis ever so often. From the equator to the north 
}olar circle, all the places have longer days and shorter nights; 
bit from the equator to the south polar circle, just the reverse. 
Ihe Sun does not set to any part of the north fri|pd zone, os 
afewm by the candle's shining on it, so that the motion of the 

* At an angle of 23|* to the horison, or to the plane of tiie table which supporta 
the caaillf.—Erf. ' 


2 
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^lobc con carry no place of that zone into the dark; and at the 
uinie time the south frigid zone is involved in darkness, and the 
turning of the globe brings none of its phices into the light. If 
the Earth were to continue in the light part of its orbit, the Sun 
would never set to the inhabitants of the north frigid zone, nor 
rise to those of the soutli. At the ei[uator it would be always 
e<|Uiil day and night; and as ])laces are gradually more and more 
*thst.'int from the erptator towards the arctic circle, tiiey vrould 
have longer days and shorter nights, whilst those on the south 
side of tile e<]uator w'onld hn\e their nights longer tlian their 
days. In llii<i tuse there w'ould he continual summer on the 
north sid(> of the ecpiator, and continual winter on the south 
Mde «)f it. 

Hut as the gl^K ‘ turns round its axis, move your hand slowly 
forwiiriU s»tas'to carry tlie globe from /f towards E, and the 
Iiouiid.irv (li liglit anil darkness ill a})])n)ncli towards the north 
(Nile, and recede towards the south ]K>le; the northern places 
will go through less and less of the liglit, and the southern 
pliu'cs tlirougii mori‘ and mon* of it, shew'ing how the northern 
(hu s deereasi‘ in length, and the southern days inerca^ie, whilst 
the globi' proceeds Irom H to E. \VhcH the glolic Autumnal 
is at A’, It IS at a mean state hetwei*ii the lowest and 
highest jiarts of its orbit; the candle is directly over the equator, 
the boundary of light and darkness just reaches to both the 
|M)le.s, and all places on the globe go iH|iialJy through the light 
and dork hemispheres, shewing tliat the da 3 'S and nights are 
then eipial at all plai'es of the Earth, the |M>les only excepted, 
fur the Sun is then setting to the north jiole, and rising to the 
south pule. 

Continue moving the globe forward, and as it goes through 
the quarter A, the north ])ole recedes still farther into the dark 
hemisphere, and the south pole advances more into the light, as 
the glolx! comes ncoi'cr to m ; and when it comes there at F, the 
candle is directly over the tropic of Capriconi, the Winter 
days arc at .the shortest, and nights at the longest, ^iktice. 
in the northern hemisphere, all the way from the equator to the 
arctic circle, and tlic reverse in die southern hemisphere from 
die equator to die antarctic circles; within which circle; it is dark 
to the north frigid zone, and light to the south. 

Continue both motions, and as the globe moves through die 
quarter Bt *thc north pole advances tow'ards the light, and the 



cn. X. 


96 OF THE DXFFSEEHT SEAS01I9. 

south pole recedes towards the dark; the di^s lengthen in the 
northern hemisphere, and shorten in the southern; and when 
the globe comes to G, the candle will 1 m‘ agmn over the equator 
(as when tlie glolie was at £), and the days and nights will again 
Vertul ^ equal as fomicrly, and the north pole will be just 
equinox. coming into the light as the south pde is going out 


of it. 

Thus we see the reason why the days lengthen and shorten 
from the equator to the jiolar circles every year; wliy there is 
sometimes no day or night for many turnings of the I'arth, 
witliin the polar drdes; M'hy there is but one day and one night 
in the whole year at the piles; and why the days and night'« 
are equally long all the year round ,'it tin* (xpiator, which is 
always equally cut by the circle liounding light and tl arknc »ss. 

_ . S201. The inclination of an axis’ftr orlat is inoreiv 

relative, because we comjiare it with some other axi** 
or orbit which we consider as not inclined at all. I'hus, our 
horizon being level to us, wlmte\’cr place of thi* Karth e arc 
upon, wc consider it as having no inclination; and \ct, if wc 
travel 90° from that place, mc shall then have an 
horizon pcrjiendicular to the fomier, hut it i^ill still 
lx* level Ui us. And if Plate IV be held vi that the circle® 
ABCD be parallel to the horizon, lx>th the circle and tin* 
thread or axis K, will lie inclined to it. But if tne jilate be 
held so that the thread lie }M.'rpcndieuiar to the horizon, then 
the orbit ABCD will lx inclined to the thread, and the orbit 
abed perpendicular to it, and parallel to the horizon. Wc gc* 
ncrally consider the £arth\ annual orbit, os having no inclina¬ 
tion, and the orbits of all the other planets as inclined to it, 
§« 0 . 


3. 


203. Let us now take a view of the Earth, in its annual 
course round the Sun, considering its orbit as having no incli- 
nadon; and its axis as inclining 23^*’ from a line perpendicular 
to the plane of its orbit, and keeping the same oblique direc¬ 
tion in all ports of its annual course, or, as commonly termed, 
keeping always parallel to itself, § 196. 


* All dzcles appear eUiptiod in an oblique view, as ie evident bj looking oblique¬ 
ly at the rim of a basin; for the true figure of a circle can only be aeen when the 
it directly over its centre. The more oUiqudy it is viewed, the more dliptieal 
it appean, until the eye be in the aame plane with it, and then it appears like a 
straight fine. 
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I^ct a, b, Cy dy Cyfs^i A; the r'anh iti eigtit p^e V, 
(Uflefcnt parts of its orbit, equidistotii from one an- 
other; iV' r its axis, N its north pole, « its south pole, and S 
the Sun nearly in tlie centre of the Earth's orbit, § 18. As 
the Earth goes round the Sun according to the order of the 
letters abeds kc. its axis N» keeps the same obliquity, and is 
still iHirolle) to the line MNa. When the Earth is Acoociw 
.^t n, its north pole inclines towards the Sun Sy and vuwofthe 
brings all the northern places more into the light 
than nt any other time of the y(‘ar< But when tbe Earth is at 
t ill thu7)]i{x><;itc time of the year, the north pble declines from 
ih(‘ Sun, ^hieh ficcasioiis the northern places to be more in the 
dark than in tlie light; and the reverse at the southern places, 

fynirc which I have taken from Bn Lo^'s 
astronomy. •^V'hon the Earth is either at c or gy its axis in- 
I lines neither to nor from the Sun, but lies sidewise to lum; 
mid then the })oles are in the boundary of light and darkness, 
niul the Sun, being directly over tlie equator, makes equal day 
:iii(l night at all jilact's. When the Earth is at 6, it is half-way 
betMi‘(‘ii the sumnier solstice and harvest equinox; when it is 
at d, it is hail-way from tlie harvest equinox to the winter sol¬ 
stice ; atlinlf-w*ay from the w^intcr solstice to the spring 
i <|uin(>x ; and at A, half-way from the spring equinox to die 
summer scilstice. 


i203. From this oblique view of the Earth's orbit, ^ 
let us siqqiose ourselves to be raised far above it, ^ *" 
and placed just over its centre «$, looking down' upon it ihim 
its north {Kilc ; and as the Earth's orbit differs but very little 
from a cin'le, w'u shall have its figure in such a view represent- 
etl by the circle ABCDEFGH. Let us suppose this circle to 
lie di\ided into equal parts, called digns, having their names 
nflixed to them ; and eadi sign into 30 equal parts, cdllcd de¬ 
grees, iiuraliered 10, 20, 30, as in the outermost Theacavms 
circle of the figure, w'hich represents the great ecliptic 
in the heavens. The Earth is shewn in eight dif- 


ferent ])ositious in this circle, aiul in each portion «id »*■ *>t\nu 
/E is tile etpiator, T the tropic of Cancer, the dotted cirde the 
jiaraJlol of I^ondon, U the arctic or nortli |x>lar circle^ and P 
the north pole, where oU tlie meridians or hoiir*circles meet, § 
108. As the Earth goes round the Sun, the north |)ole kee|js 
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fouMantly towards <«ie part of the Iicavens as »t ki*ep» iit llie 
fixture towards the hand side «i‘ tlie plate. 

When the JCarth is at tlie lH>^nning oi' Libra, imiiu'iy, t)» 
the 20th of Man‘h, in this figure (as at g in Fig. 1) the Sim 
S as seen from the Kar'.ii ap}H?airs at the Itcgiiiithig of Aries in 
Vernal the opposite i>art of the Insiveiis,' the north jiole is 
equimiK. omiing into the ligh*, and the Siin is \erlical 

to the equator; ahieli, ttigether with the iropie of ('aiicer, j»a 
rallcl of Luiulon, and urrtic eivi'ie, are all eipially ent h\ tin* 
circle liouiulpig tight and darkness coineiilmg \iiih the si\ 
o‘'deck hour cirrle,and thet^l'ore the da\.s and nights ari* e(|n.il- 
ly long at all places; *for everj’ jmrt of the meridian ^UTLn 
comes into the light at six in the inorniitg, and revolving witlt 
the Earth according to the <»nler ol‘ the lamr-leitips, «r(H". ini<> 
the dark at tax in the evening. There are""!!! »>n ruli.iTir*oi 
hour-circles drawn on the Karlli in this figure, Jo sIk'w ilie time 
of Sun rising and setting at diftereut si-asons of the M.ir. 

As the F<arth mos'es in Uie ecliptie according to the order of 
the lettCTEi &c. through the signs Jahi.i, .Scorpat, and 

Sagittarius, the north {Mile P i*omes more and more mto the 
light; tile days increase as the nights decrease in length, at all 
places north of the eipiator which plain In \ieuiiig the 

Earth at h on the 5th of May, when it is in tlu* 15lli degree (.f 
Scorpio/and the Sun as seen from the F.arth npjieais in the loili 
degree of Taurus.* For then, the tropic of Caneor T n in tlie 
light from a little after fne in the nioriiiug till dmost si‘veii i>i 
tl» evening; the parallel of London Iron) hall' an hour paM 
four till half an hour jiast seven; the polar circle U liom ihiet* 
Ull nine: and a large tract round the north |K)le P has day all 
the 24 hours, for many rotations of the Earth on its axis. 

Wl^en the F^rtli comes to c, at the licginning of Fapricorii, 
and the Sun as seen from the Earth *ap}K'ars at the iM'giuning of 
Cancer, on the 21 st of June, as in this figiu’e, it is in the fxjsi- 
tion a in Fig. 1; and its nortli pole inclines/owards the Sun, 
BO as to bring all the north frigid zone into the light, and the 
northern parallels of latitude more into the light than the dork • 


* Ilflw we muft Mipposc the Sun to he no bigger than an ordinary point (aa .) 
■ hecaiuche only coven a dn'Ie half a degree in di&metcr in tlic hravem; whereas in 

the figure hchidea a whole sign at once from tlue Rardi, 

* Here we must suppose the Earth to be a nMidi smaller point than that in the 

ffoeading note marked for the Sun. ' 
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Injm till* r<]|uator to tho j»f)lar circlo, and the more so as iliey 
are farther from tlic eciiuitor. The tropic of Cwiccr is in the 
li^ht fi-oni five in the inomiii'r till seven at ni^ht, the |»arallel of 
Loiuion from a quarter iK’fiire four till a qiiarlei sifter eight; 
and the ])ol;ir circle just touches the dark, so that the bun has 
only tile lower half of his disc hid from the inhahi. Summer 
lants on tliat circle for ea few qiinutcs u1)out mid- 
Slight, siqqMMiig no inotpialities in tile horizon, and no refrac- 

A lure slew of the fi_<]fiire is enOugii to shew, that as the 
I'..II til :ul\Hiices from Capricorn low arils Ar’w*s, and the Sun 
.ipjicars to move from ('aiuvr towards Lihr.i, the north {>ole 
n ccd(*s towards the dark, nliich causes the days to decrease, and 
the in<|hts to incnas ‘ in Iciiirth, till the Earth comes Autumnal 
to rtie l>^i>nHiin<> ol* Aries, and then they areapial as 
hei'ote, for tiu‘ hoinidari of light and darkness cuts tlie eijuator 
and .ill Its parallels ci|iially, or in halviss. The north pole then 
j»oes into ilic d.irk. and continues therein until the Earth goes 
halt' u.'iy round its oil>i>.« or from the 123d of September till the 
.*Olli of M.ircli. In tile middle between these times, viz. on 
iliv‘ f2:2d of Direnibcr, the north }M>ie is as far as it can be in 
tlu‘ d.irk, which is 123] , ecpial to tlie inclination of winter 
till' ^’^lrlh's avis fnim a |)erjK*ndicular to its orbit, 

Old then the iiorAcrn p.irallcis an* as iniieli in the dark a.s they 
were in the light on tile 121 si of June; the winter nights Imng 
as long as the summer days, and the w’iiitcr days as short as the 
Minimer nights. It is needless to enlarge farther on this sub- 
ji‘c(,'ns w'e shall have oceasiou to mention the scasoms again in 
liescrilimg the Orrery, {$ k'VJ. Only this must lx* noted, that 
ail that has htH?n .said of the northeni hcimsphere, the eoiitrary 
must Ik' nndcrstfM)d of tlie .southern; for, on difteront sides of 
the equator tiu* seasons an' contraiy, In'cause, when the nortfu'rii 
hemisphere incKiies towards the Sun, the southern declines fnim 
him. 

liO-l*. As Saturn giH's round the Sun, his obliquely 
|)osited ring, like our Eartlfs axis, keeps }>aral1el to mens of Ss- 
itM'lf, and is therefore turned edgewise to tlie Sun 
twice .ill a Saturnian year, which is almost as long as 30 of our ^ 
years, 81. Eut the ring, though considerably broad, is tdo 
thill to be by u.s wlign it is turned edgewise to the Sun, at 
which time i# is ^so edgewise to the Eartli; and tlierefore it 



too 


« 

VHEKrolfElfA OF fATtTBV^S BfKG. ClI. X. 


dimppeftTB once in every 15 years to us. As the Sun shines 
half a year together on the north pole of our Earth, then ttisup- 
pears to it, and shines as long on the Mtulh (tolc; so, during one 
half of SatuTifa year, die Sun shines on the norili side his 
ring, tlicn disappears to it, and sliines as long on its south side. 
When the Earth's axis inclines neither to nor from the Sun, 
but sidewise to him, he instantly ecoites to shine on oiu* ])ole, 


Appearance 
and dimpi 
panaaoeof 
Satum'iiing. 

Plate V. 


and begins to enlighten the otiier; and a lien i^a- 
ling iiicliiies neither to nor from the Sun, hut 
sidewi'ic to him, he ceases to,shine on the one miK* 
of it, and liegins to ^ine upon the other. 

Let S lie the Sun, AliCDEFGII SaturiiN orhil, 


^ and IKLMXO the Earth's orliit. lloth Saturn and 


the Earth move acconling to the order of the lettt'r^, and niien 
Saturn is at A his ring is turned edgi‘iiise t(Ttiu* tuiir .S', and 
he is then seen from the Earth as if he bml lost his ring, lii the 
Eartli he in any part of its orhit whatever, e\cepl lietMieii ,Y 
and O; for whilst it descrilies that spaas Saturn is a})])areiuly 
so near die Sun as to lie hid in his'lK’aiiis. j\s Saturn gtK*'. 
from A to Cf his ring .ipiiears more aiul nioix' open to the 
Earth; at C the ring ajipcms nmst open of all; and se«.‘in«to 
grow naiTowor and narrower as Saturn giK's fioiii C to E ; and 
whoi he omics to E, the ring is again turned edgewise IniiIi to 
the Sun and Earth; and as nntlicr of its sidA aro iliiimiiiuted, 
It b invisible to us, becviuse its edge is ton thin to lx; {X'lve}) 
Able, and Saturn appears again os if lie had loht liin ring. But 
as he goes from E to G, his ring opens more and more to our 
view cm the under «de, and seems just as open at G as it was 
at C, and may be seen in die night<timc from the Earth in any 
part of its orbit, except almut Jf, when the Sun hides the planet 
Aom our view. As Saturn g(x;s from G to A, his ring turns 
more and more edgewise to us, and therefore it seems to grow 
narrowef aod narrower, and at J it disappaurs as liefore. 
Hence, whde Saturn goes from A to E, the Sun shines on the 
upper aide o£ his ring,, and the under ride is dark; and whilst 
he goes from E to A, the Sun shines on the under side of his 
ring, and the uppmr ride is dork. 

It may perhaps lie ima^pned, that this article might have 
* been jJaoed more properly after § 81 than here; but w^eii 
^ the candid reader conridm^diat all the various phe- 
^ ' Dumena of Saturn^g ring depend upon nvause siniihu: 
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to that of our Earth's seasons, he will readUy allow that they 
are I)cst cxplainpd together, and that the two figures serve to 
illustrate each other. 

205. The Earth's orbit being elliptical, and ^he The Earth 
Sun constantly keeping in its lower fijcus, which is 
1,?177,0()0 miics from the middle jKuut of the longer 
a\is, the Earth comeh twice so much, or 2,754,000 “**• 

•null's nearer the Sun at one time of the year tluui at another; 
1<>r the Sun .‘ippeariiig under a larger angle in oar winter than 
summer, proves tha| the Earth is nearer the Sun in winter 
(siH' the note on article 185). But here this natural question 
will arise. Why have we not Uic hottest-weather when the 
l«iiili is nearest the Sun? In answer, it must be wiiytheiwn- 
^o^iser^ed, that the ^centricity of the Earth's orbit, ther u wident 
or I..^77,^100 iiiilcs, liears no greater pn> 2 K>rtion to 
the Earth's mean distance from the Sun than 17 >west the 
<loi‘s to lOOK); and ihorefore this small difierence of 
ihstance cannot occasion any great difference of heat or cold. 
But the principal catiseHif this difference is, that in winter the 
Sun'> nays fall so obliquely iqion us, that any given number of 
ihiMii is spread over a miieh greater jwrtion of the Eartli's siir- 
fni e w here we live, luid therefore each point must then Iia»e 
fewer rays than in summer. Moreover, there comes a greater 
degree of cold in the long winter nights than Uiere con return of 
heat in so short dn>s, and on ImuIi these accounts the cold must 
inciens(\ But in summer the Sun's niys fall more pcrpeiidtcu> 
Icirly upon us, and tiu'reforo -come with greater force, and in 
greater iiiinibers on the same place, dtnd, by their long conti- 
luiaiici', a much gnvater degree of heat is imjiarled by day 
than can fly ofl'by night. 

20(). That a greater number of rays fall on the same place, 
w hen they come perpendicularly, than when they come oblique* 
1^ on it, will apjicar by the figure. (Sec § 1C9, note.) For, 
let Ali he a. certain number of the Sun's rajs tailing pi*te VL 
• m CD (which let us suppose to be London) on the 2- 
21st of June; but, on the 22d of December, the line CD, or 
T^ondon, has the oblique position Cd to the same rays, and 
therefore scarce a third part of them falls upon h, or only ^ 
those Iwtw'eeii A and e, all the rest c B licing exjicuded on die* 
s{Nicc dip, which is more than double the length of CD or Cd. 
Berides, tliuse parts which are once heated, retain the heat for 



C’H. XI. 


m THE MEtti^l) OVlVIiniiNO TICK LOEUITITDE. 

qome time,, with the additional heat daily imparted. 

Makes it continue to iiKuvase, though the Sun ,dc>elines towards 
the south, and this is the reason why July is hotUnr than June, 
although the ^Suii^ has withdrawn fmm the sumiiior trr»pic, as 
we find it is generally hotter at three in the afternoon, v hen 
the Sun has gone tow'urds the west, than at noon, when ho is 
on die meridian. JJkenl.se, those plnses udiich are well ctNiieU 
require time to he heated again, for the Sun's rays do not he.u« 
even the surface of any body till tliey Itave Ihvii souk* fliin* 
upon it. And tlurefurc we find JnRua|y f<»r the luo^t pan 
ttJder dian Decemlier, although the Sun has iiitlidrann iioio 
the winter tropic, and begins U» dart lii> iK'anis inoie perpt ixii- 
cularly upon us, when ve have the {K>sition CF. An non bar 
is not heated immiHliately iipm being ])nt into the lire, nor 
grows oedd till some time after it bos been tukTii oDit 
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fint men- arbitrarily clwKise to call the 

din and meridian of |ome ichiarkabU place the first ineri- 
pjM^wh^ dian. There thej^begin their reckoning, and jnst 
BO many degrees and miiuiles ns any other jilace is 
to the eastward or westward of that meridian, so much cast 
or west longitude they say it ha.s. A degree is the flfiOth jMirt 
of a circle, be it great or small, and a minute the COth part of 
a degree. The English geographers reckon the longitude from 
the meridian of the royal ubscrvatoiy at Greenwich, and the 
French from the meridian of Paris. # • 

P],t* V. imagine 12 great circles, one ojf which 

*• is the meridian of any gi\en plai’e, to intervirt each 
other in/he two poles of the Earth, and to cut the equator jE 
dt every ISlh degree, they will be dividcil by the |)oles into 24 
ssmiciedcs, which divide the equator into 24 equal piKrts; and 
AS tfie Earth turns on its axis, 'iKe planes of these '(cmicircies 
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itmie RUoceHdvely afler one another evefy hour to 

the Sun. As in an hour of time there is a, re* An ho«r «r 

solution of 15* of* tlic equates, in a minute of 

inno there a ill be a re\dution of 15' of the ^ 4 ||iator, 

and 111 a second of time a rctulutioii of 15". There are two 

tnhlt's luinexed to thi^ (dmptcr for reducing mean solar time in> 

to (lt>grees and minutes qf the tcrrc'ttrial equator, and also for 

eoiiserting degrees and parts of the equator into mean soUr 

time. 


iiOi). llceanso the ^un enlightens only one-half of the Earth 

lit once, as it turns round its^avis, he nsc& to Mime places at the 

Mine iiiuinents of absolute time when he sets to others; and 

4lieu It IS iDid-day to some place^, it is mid-night to others. 

Thi. Xll on the middle of the Earth's enlightened side next 

till 'sun stands 'for niid-day, and the opposite XII on the 

iiiidilie ol the ilark side for midnight. If we suppose tins 

mile of him Is to lx? fixed in the pkme of the equinoctial, and 

the r.Hi’th to turn round within it, any particular meridian will 

lonie to the different hours, so as to shew the true time of the 

fi.iN or night at all places on tliat meridian. Therefore, 

i21(). Toesirv place 15' eastward from any given meridian, 

it IS luxm on hour Mxmor than on that meridian; because tlieir 

# 

meridian comes to the San an hour sooner; and, to all places 
1.3 westward, it is noon an hour later, § 208, because their 
meridian comes an hour later to the Sun, and so on; csery 15* 
of motion causing an hour's difTerenee of time. There-^ 
fore, tliey who have nixin an hour later than we, quentlyto 
have their meridian, that is, their longitude, 15“ 
westward from us; and they who have noon an 
liour sooner than we, have tlicir mgridian 15* eastwai^from 


ours, and so for every hour's difference of time 15* difference 
of longitude. * Consequently, if die beginning or ending of a 
liijuii eclipse lie observed, suppose at London, to be exactly at 
mid-iiight, and in some oUier place at 11 at night, 
that jdai'c is 15* westward from the mcndiaii of bc* uwful m 
London: if the same eclipse be observ’cd at 1 in 
the moruiiig at another place, that place is 15* east¬ 


ward from the said meridian.^ 

* \ 

* The loogitudc may be determined alao, by observing the snival of the^k^arffhi 
ehiidnw at the diflbrent vpotv^ the Moon** suiiwe. I'hia method now oSrtMns 
univvrwilly aniiiiig astionointni, and is pretty u^mte, as we can take tht iniduun of 
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^ nwyo THE LON^iTirsE. an* xi. 

' , Sll. Blit •■ it is not c«sy to the exact inomeni 

jfither of the hqpnnii^ ending of a lunar ccli|»c, because 
die Eailli's shadow through whidi the Moon passes, is faint 
ill defined <^dxnit the edges^ we have recourse to the 
— > eclipses of Jupiter's satellite!^ which clihajijiear mi 
Jajpitn*t H. instantaneously as they entn: into Juuitcr's hhodoa, 
better Ibr Am emerge so suddenly oi^t of it, that we may fix 
pnilMee. the phenomenon to a sectind of time. The first, or 
nearest satcQlite to Jupiter, is the most advaiitugeous for this 
purpose, because its motion is (juiekur than the iiiotiou of any 
of the rest, and Uicrefure its iiunieruons and emersions aie 
more frequent. 

2|S. The English astronomers have cak'iilated tallies Ml 


thciniig the times of the eclqises of Jupiter's NUeiiltis to 
great precision, for die meridian of (rreetiuiCli!^ Nnii, let an 
observer, who has these tables with a good leUsiojv, and a 
well regulated clock, at any other place of the Kiu-th, oIimtic 
How to oDlw beginnipg or moling of an eclipse of one of Jiipi- 

Au imptot* ter's satellites and note tlip precise moment oi tiiiu> 
Mit pioblMb. satellite either imiqerge into, or 

emcige out of the sliadow, and com]>are that tiiiu‘ with the time 
shewn by the tables fiir Greenwich; tiicii, 15° differeiui* of 
longitude being allowed for every liour's differcnrc of time, 
will give the longitude of (hat place from Greenwich, as alu)V(‘, 
§ 210; and if them be tuiy odd minutes of^ time, for cveiy 
minute a quarter of a degree,* ^'ust or west, must lie allow i d, as 
the time of observatkm is later or earlier than the time slitwn 


by die tables. Such eclipses arc very coiivcnieut for this pur¬ 
pose at land, because they happen almost every <lay; but an* 
of nefuse at sea, because rolling of the sliip hinders all nice 
tdescdpical observations. 

l>lMe V. 218. To cx]ilain this by a figure, leb J lie Jupiter, 
Fig-** K,L,My N, his four satellites in their res|}ecti\c 


a gicM nniaber gf obaerratioiu. It ia mocMuy, however, to be aequainted wiA Ae 
aamet aod r**«^*'T of Ae huutf epoti. See the Supplementary chapter cm SdenoJ 

* Tip edlpuee of oD Ju|^*b aaldlitm am inaerted in Ae Nautical Almanack 
cvoiy year, ai^ are oomputed from Ae accurate tables of Ddambie. The cchpwa 


of^ Aet «!iid aeoond latdliles arc most pro^ for finding the longitude, not only 
w-fir— Aar theory is mu A niore perfoet than AM of the other two; bnt bmauM 
f| io,g|Amlt to obeerve Ae -ca^ time when Ao thud and fouxA aatelUtcs enter 
'■< jaiPiiodoaMrgofioin, At shadow of Jupiter.-pJSA ** 
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orbits 1, S, d, 4; xn^^ct the Exith be alt/(iapp(»b b Novenu 
l)er, olthou^ that month is no tft h er w ite malntbl than to find 
the Earth readily in this scheme, where it is dicwn nnMatedi^ 
in eight difTerent parts of its orbit). Let Q be a * SMiiplo. 
place on the meridian of Greem^ich, and R a place on some 
other meridian eastward from Greenwich. Let a person atiR 
oWr^'e the instantaneous vanishing of the first satellite JT into 
• .fiipiter's shallow, suppose at 3 oVlock in tlie monuEig; but by 
the tables he finds the imihersion of that satellite to be at mid> 
night .It Groemiich: he can then immediately determine, that as 
there are 3 hours jiflerence of time between Q and R, and 
tli.it R is 3 hours forwarder in reckoning than Q, it must be 
43'' of eiist knigitude from the meridian of Q. Were this me- 
^thiKj^as^praiticnblc at sea as at land, ^y sailor might almost as 
and with equal certainty', find the longitude as the 
l.ititiide. 

214. Whilst the Earth is going from C to F in its ^ 

orbit, only the iminerraons of Jupiter's satellites into we the be. 
his shallow arc general^ seen; and thtir emersions 
out of it while tile Earth goes from G to B. Indeed, wmc 
IkuIi these ap|K*anincc‘s may be seen of the 2d, 3d, 

‘iiui ith, satellite when eclipseil, whilst the Earth is 
iH'twecii D and E, cft between G and^; but ncvmr of |he 
1st satellite, on account of the j^mallncss of its orlnt and 
the bulk of .Iiipiter; except only when Jupiter is directly 
{Hisite to the Sun; that is, when the Earth is at g: imd even 
then, strictly sjieaking, wc cannot sec either the immersions or 
emersions of any of his satellites, because his body being di¬ 
rt cl ly lietweeii us .md his conical sliadow*, his satellites hid 
by his Ixxly a few' moments lM.'fore Urey tuudi his shadow; and 
are quite emerged from thence liefore we can see tliem, as it 
were, just dropping from him. And when the Earth is at c, 
the Sun, being betw'ccn it and Jupiter, hides botli him and lus 
muons from us. 

In this diagram, the orlnts of Jupiter’s moons are drawn in 
true prtqiortion to his diameter; but, in proportion to the Earth's 
orbit, they ore drawn 81 times too large. * 

213. In whatever month of the year Jupiter is in^sonjunc- 
tion with the Sun, or in opposition to Jiiin, in the neio'yibaHta 
yrill'be a month later at least. For, whilst the Eardi goes 
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Wx( KNind'liie Sod, Jupiter 4lem.*ribeH a ISth |mrt 
jMaiuuiwith of hb lulilt And, therefore, when the Earth ha« 
vp^i&wto fiBidhed in annual {leritKl from hcinj[r in a line ^ith 
hinifueertdy the Snn and Ju]^ter, it must go as much forwarder 

as Jupiter has nicned iu tliat time, to overtake him 
sf Ae imtf again: just like the ntiniite-hand of a w*atch, whicli 
’®"** must, from any ronjunctiou *ilh the hoiirJinml, go 
once round the <iinl>plate, and sonievtliat alx>vc a ISlli })art 
more, of overtake the hour-hand again. 

S16. It is found by obsers’ation, that whiii the Fiarth is 1 k'- 
tveen the Sun and Jupiter, as at gy his .safellites are ecli{)Msl 
nboui 8 minutes sooner than they should be urcordtiig to the 
tables: and when the Earth is at li or (\ thesi‘ eidipses hap)K‘ii 
alxnit 8 minutes later tlifin tlie ttdiles {innljct them, llejuv it 
is undeniably certain that the motion of light is not insUnla- 
neous, EiDce it Udics aliout 10] minutes of time to go through 
a space equal to tlie diameter of the* Earth's orhit, uhieh is 
182,000y008of miles ill length: and, consi‘i]uontly,the |ko taUs 
of light 8y about 164,494 miles es’eiy .scvoiid of time, whieh is 
above^l,00Q,000 of tiincs swifler than the motion of a eaiiiion 
Thssinp^ bullet. And as light takes, 10] minutes to trasel 
^velocity acTDS) the Earth's oibit, it must be 8] niiniites in 
^ *^**‘*‘ coming from the Sun t<» us; tlierefoix*, if the Sun 
were annihilated, we should see him liir 8} niinutes after: and 
if he were agfun created, he would }x> 8| niimito old Ixfori 
we fxmld see him. 

Plate VL 217. To ex]>lain the j>r()gres«.ive motion of light. 

let A and Ji he the liarlh in iw'o different |iarts <»f 
Its orbit, whose distance fnim each other is 81 .OOO.fKH) of miles, 
IBsetniedlv equal to the Earth's distance from the Sun *V: it 
• plain, that if the motion of' light were instantune- 

OUR, the satellite 1 wrould apjiear to enter into Jupiter's shad<m 
FF at the same moment of time to a spe<‘tator in A a.s to ano¬ 
ther in B. But by many years' ohservatiou it has been fotiiid, 
that the imineruon of the satellite into the shadow, is set ii ^ ] 
minutes sooner when the Eurih is at 7i, tliim whin it is at A. 
And so, as Mr. Homer first discoien'd. the motion of ligiit is 
therdiy jproved to lx* pn>gressi\e,aud not instantams>u*^ as was 
helie\ed. It b (*as\ to cnniqinte in what time the 
Earth mo|es from A to B; for the chord of C'O of any circle 
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is rqiial to the sanMIimetcr of that cirdle; and aa the EarUi 
through all the 960” of its odnt to a year, i|||gDes through 
6*0 of thobc degrees in about G1 days. Thbefore, if on any 
given finy, suppose die 1st of Jun<j|| the Earth is at J, at tile 
1st of August it be at j?; the chord, or straight line J! JB, 

being etpial to D the radius of the Earth's orbit, the same 

\uth A S its (lihtaiice from the Sun. -• 

• i!18. As tlie Earth moves from D to C, throu^ the side 
A Ji of its orbit, it is emistantly meeting the light of Jiipitm-'s 
s,itellite> sooner, vhich occasions an ap|)areiit accelcratirm of 
llu ir e(‘Ii|>‘<es ■ and as it moves tliiough tlie other half JI of its 
orbit, from C to /), it is receding from th<»r light, which occa« 
•■Mins an apparent retardation nl their eclipses, because tlieir 
jiglit js ^hen loiige:* ^‘fore il overtakes the Earth. 

ill*). That these ju’ctleratioiis of the immersions of Jupiter's 
•sitellites into his shadon, as the Eartli approaches toward.s Ju> 
]iiter, niid Uie retardations of tlieir imuiersions out of liis sha* 
<low, .!'> the Earth is going fnnn him, are not oQcasioned by 
.inv niLijualit^ arising i\>m the motions of the satellites in ec- 
< eiiti u orbits, is plain, because it afteels them all alike, in what- 
1 \ 01 parts of tlieir orbith tliuy arc eclipsed. Be^cs, they go 
otb'ii round their orblti ewry > ear, and their milions arc no 
w.iv coniiiicusurate to the Earth's. Tliorefbre, a-phenomenon 
not to be accounted for from the leal motions of the Satellites, 
blit so i.tsth dediieible fiom the Eaitil's motion, and so answer- 
able ilu’ieto, must 1 h allowed to rc’sult fnini it. This ofibrds 
one verj goixl pi-oof of tin Earth's aiuiual niotioii, . 



Amis th colrtffllir artitM nnfo Tmx, aho bevsbss. cb. xi, 


♦ 

• 

29Q^Tabtcx/orcomerUngtnean nfar T^me into Degrers and Pail\ 
^ tke Terrestrial Eqmtwj and aho fitr amvertiug Drgiee* and 
Parts ^ the PquaUtr into mean sular Time, ' 

• • 

Tails X. Fveonverting TtuK into Tabie II. Fob comLnin,; Dt ;nn 
Degrees and ParU of the Equator. uaA Psrts of the J '.quatur into Tina. 
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OF Wax Ain> mxsiAft vuuk 

Those are the tables mentioned in the f08di article, and axe 
so easy that they scarce require any fiffther exfdanation duux to 
inform the reader, that if, in Table I, he reckooa the columna 
marked with asterialcs to be minutdi of titne^ the other cokmuis 
/rive the equatorial, parts or motion in degrees and minutes; i£ 
lie reckons the asterisk columns to be seconds, the others ^ve 
the motifin in minutes aad seconds of tlie equator; if thirds, io 
M'coiuis and thirds; and if, in Table II, he reckons the asterisk 
c(»l(inins to be degrees of motion, the others jpve the lime an¬ 
swering thereto in hours and minutes; if minutes of niotkm, the 
tune isminuttHi and seconds; if seconds of motion, the oorre- 
s]K>nding time is given in seconds and third.*. An exomfde in 
Ltich case will make the wlade very plain. 


i SAMPLE I. 

EXAMPLE II. 

In 10" 15'" 

2P 20th, Qu. 

In wliat time will 153^ 51' S*' 

Him in mil of the iquator re- 

\o]\ts through the iii(.rfdian 

TO u. M. 1 . 1 

of the etpiator 
the muridian ? 

revedve through 

H. U. 8. T« 

Honrs 10 

150 0 0 


10 0 0 0 

Mm 15 

3 45 0 

12 0 0 

Stv. 24 

6 0 

Min. 51 

324 *a 

1'hiid^ 20 

5 

Sec. 5 

ir 

20 

Answer 

153 51 5 

Answer 

10 15 24 20 


C HAP. xir. 

OF SOLAK AXD ST1>CRF.AL TIME. 

281. The stars appear to go roimd the Earth i» 
B^trter than* 83" 56" 4^, and the Sun in 24": so that the stai^ 
M^rdajijoiid gain 3111 50^ upon the Sun eveiy day, wluch amount* 
^ to one diurnal revolution in a year; and, therefore^ 

in 365^ as measured by tiie r^ums of tbe Sun to dm meridiakv 
there arc 36^, as measured fay the stars retiimiAg to it: the 
former are caHed solar days^ and the latter sydereaL 
The diameter of the Earth’s orlnt is but a physical pJaiL^' 
proportion to the distance of tiie stars; £ar wlu^ reason, eiKl 
the Earth's unifonn motion on ks axis, any given meiidhm v2l 
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revolve £ran any star to the some star again in every absolute 
. tom of the Earth on its axis, witlioiit tlie least penx^tible dil- 
imnce of time shewn by a (dock ahicli goes exactly true. 

If the Korth liad only a diunml, witliuut on oiimial motion, 
any given meridian would revolve from the Sun to tlie him 
agma in the same (|uaiitity of time', as fnan any i-tar to the sanu* 
star again; Ixxrnuhi' the Sun would iievi* change his ^tlacv with 
respect to the stars. But, as the Barth ad\ auee^ uIino»i u dt • 
gree eastward inks orbit in tbe time tiuit it turns i.i aw aid 
round its axis, whatever star passes over the ineiidian on unv 
day w’itli the Sun, will |iuss o\er the same iiundiaii on tlu next 
day, when the Sun is alniixst a degiXH' sliort of it; tlial is, li .5(1 
Boaner. if the year contained only tUiu da\>, as tlu idiptu 
doc%i 360 degrees, the Sun's apparent place, m> far as lus motion 
is equable, would change a degn e exer> (ia\ ; .nvl tiuii tlu 
sydercal days would be just il nmiutes sliortei than tin st^l n 
Pbtp IlL Let ABCDEFGIIIKLM lx* the 1 ..irib's orbit, m 
*• which it gix's round the Sun e\eiy year, adonliiiy to 
die order of the letters, that is, froniMest toiasi; and lunis 
round its axis the same way from the Sun to the $un asruii in 
every 24 hours. Let S be the Sun and li a fixed star, at h 
an immense distance, that the diameter of the Laith's orbit In.tis 
no sen.sible pn>]X)rtian to that distance. Let X m he an\ ji.ir 
ticular meridian of the Karth, and N agixeii )K)int or pl.ici upon 
tliat meridian. When the Buith is at the Sun S huh s the 
star if, which would lx* always hid if the Kartli ncxci reinoxed 
from A; and, consequently’, as the laiilh tunis round its axis, 
the point X W'ould always come round lo the Sun and star ai 
the 8am6 time. But when the J'.irt1i lias mhniicid, siip{)osi> a 
12tb part of its orbit from A to if, its motion round its axis w ill 
bring the point Nb. 12lh part of a natural day, or 2 hours, 
sooner to the star than to the Sun; fur the angle* N U n is erpi.il 
to the angle A SB; and, therefeure, any star which comes to 
tbe meridian at nram with the Sui^ when Uie Karlli isat v/, will 
come to the meridian at 10 in die focenexni, when the Karlli is 
at B, When the JRarth comes to C, the point N will have the 
star on its meridian at 8 in the morning, or 4 houra sooner than 
it comes round to the Sun: for it must revolve from N to n, 
f^beSlSX If has the Sun in its meridian. When the Earth comes 
^ JOf die pmat N will have the star on its meridian at 6 in die 
mofliihg, but tba| poist muit revolve 6 hours more from N to 
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?i, lii'lbre it has midUlaj by the i$un: ftir novrtke A SD 
!•> A rip^ht angle, and so is NDn; that is, tha Eartli has adr 
> iracc^l 90° in its orbit, and must tarn 90"* on its axis to carry 
the fxiint N fkxnn the star to the Sun^ tbr die star always comes 
to the meridian Hlien A'to is parallel to MSA; because D S 
IS but a point in respect of H S. When the Earth is at E, the 
star coiner to the nieridian at 4 in die morning; at F, at S in 
•the iiioi iiing; and at 6', the hearth having gmie lialf round ha 
orbit, N ]M)iiits to the star U at midnight,’it being then dircedy 
opjNjsite to the Sun; and, therefore, by the Earth's cUumalmo* 
lioiu the star conics to the nicridun 12 hours before the Sun. 
When the Earth is at //, the star conies to the mmidian at 10 
Ml the e\ eiiing; at / it conies to the meridian at 8, that is, 16 
liour'i In foie the Sun; at K 18 hours before him; at L 30 
hiiuis, *at 2f hours; and at A e<j[ually trith the Sun again. 
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tkewin^ haw much ^ihe Ccle^ud Equator pas^rn 
veer ike MeriSan in any pari of a mean Solar Dapi and 
how muck the Eixed Stare gain upon the mean Sidat Time 
every Bay^ Jbr a Month. 


flOM. 

Motton. 

Time. 

MoUob. 

Tu»sc. 

Motiutt. 

1 Atnlduioii 

Ol t' 1 ^ 

1 isitt St I's 

Hobr 

Pcf. Min Set. 

•Mm 

Des Miu sn 

•Mm 

IHj; Mm *• • 

s». 

Mill S«» Til 

Sl\. 

Min Sit 1*1 

Til, 

SiK. Ih 
» 

Ill 

St j h 

I) 

li M si 

1 

15 2 28 

1 

0 15 2 

31 

7 46 16 

1 

0 3 5()'| 

2 

30 4 56 

2 

0 50 5 

32 

8 1 19 

t) 

0 7 r,J 

3 

45 7 24 

3 

0 45 7 

3.1 

8 16 2 

5 

0 M IS 

4 

60 9 51 

4 

1 0 10 

34 

h 31 24 

4 

0 15 41 

5 

75 12 19 

5 

1 15 12 

. 

35 

8 46 26 

e> 

0 l!) 39 

6 

90 14 47 

6 

1 15 

36 

9 1 '29' 

6 

0 23 37 

7 

105 17 15 

7 

1 45 17 

37 

9 16 31 

me 

i 

0 27 31 j 

8 

120 19 43 

8 

2 0 20 

38 

9 31 34 

H 

0 31 J7| 

9 

135 22 11 

9 

2 17 22 

39 

9 46 36, 

9 

0 17 2.} 

10 

150 24 38 

10 

2 30 25 

40 

10 1 39 

10 

0 39 19 

11 

165 27 6 

11 

2 45 27 

41 

10 16 41 

11 

0 43 17 

12 

180 29 84 

12 

3 0 30 

42 

10 31 43 

12 

0 47 11 

IS 

195 82 2 

13 

3 15 32 

4.3 

10 46 46{ 

18 

0 51 7 

14 

210 34 SO 

14 

3 30 31 

44 

11 1 48j 

14 

0 55 .3 

15 

225 36 58 

15 

3 45 37 

45 

11 16 51 

15 

0 .78 5S 

10 

340 39 26 

16 

4 0 .39 

46 

11 31 53 

16 

1 2 54 

17 

255 41 53 

17 

4 15 41 

47 

11 16 56 

17, 

1 6 50 

18 

370 44 21 

18 

4 30 44 

18 

12 1 5sl 

IS 

1 10 -16 

19 

285 46 49 

19 

4 45 47 

49 

12 17 11 

19 

1 U 12 

20 

300 49 17 

20 

5 0 49 

50 

12 32 3 

20 

1 18 38 

21 

315 51 45 

21 

5 15 52 

51 

12 47 6 


1 22 34 

22 

830 54 13 

22 

5 30 54 

52 

13 2 8 

22 

1 26 30 

28 

345 60 40 

28 

5 45 57 

53 

IS 17 11 

23 

1 .'40 26 

24* 

860 59 8 

24 

6 0 59 

54 

13 32 13 

24 

1 34 1^ 

28 

376 1 36 

25 

6 16 2 

55 

13 47 16 

25 

1 38 17 

26 

391 4 4 

26 

6 31 4 

56 

14 2 18 

26 

1 42 13 


4^ 6 32 

27 

6 46 7 

67 

14 17 21 

27 

1 46 9 

•sr 

ftl 9 0 

28 

7 19 

58 

14 82 23 

28 

1 50 5 

90 

436 11 28 

29 

7 16 11 

59 

14 47 26 

29 

1 54 1 

SO 

451 IS 50| 

30 

7 31 l4 

60 

15 2 28 

30 

1 57 571 
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822. Thu&it if pUiifi* thi^ an aliaolute turn of gftnniim 
the Earth on its a»s (which is alrmjs completed tom of tha 
when any particular meridian comes to be parallel Sfaef*?* 
to its situation at any time of the day before) ne^er fiouhesaM. 
Imngs the same meridian round freon the Sun to ^ 
the Sun againTHiut that the Earth requires as much more than 
one turn on its axis to finish a natural day, as it has gone for- 
arard in that tune; which, at a mean state, is a S65th part of 
a circle Hence, in 363 da\s, the Earth turns 366 times 
round Its axis, and, therefore, as a tuin of the Earth on its 
axis comjiletes a s\ dercai dav, there must l>c one sydcreal day 
more in a \ear than the luiinber nt solar da\s, lie the number 
what It will, on the K>nth. or am other planet;—one tom be- 
in|> lost with respext to the nuntlx r of solar days in a year, by 
the planet's ^joing round the Sun . just as it would be lost to 
a tr.iselier, who, in going loiind the i^arth, would lose one day 
hy following the ap[)arcnt diurnal motion of the Sun; and, 
coiisiquentU, would rctkoii one daj less at his return (Icf bim 
take what time he would to go round the Earth) than those 
who remained ail the while at the place from w'hicfa be set 
out So, if there we»c two earths reiolving equally on thar 
a^is, and it one reinanied at j 4 until the other had Plate III, 
gone nmiul the Sun from J to A again, that earth P’S- 2* 
which kept Us place at A would ha\e its solar and ^dcreal 
da^s alwav" t)f the same length ; and so would have one solar 
da\ mole tli.in the other at his return, Henw, if the Earth 
turned but once lound its a\i> in a year, and if that turn was 
made the sanu wa\ as the Eiith gca'* round the Sun, there 
would Ik* loiitiiiiial (la\ on one side of the Earth, and con¬ 
tinual night on the othi'i 

823 'rhe fiisl part of the prceeding table sliewshow much 
of the celestial ccpiator passes oxer the meridian in any givmi 
part of a mean solar da^, and is to be understood.the same way 
as the table in the 220th article The latter part, entitled, 
Acederatwn ofihe^fiA'ed Stars^ affords us an easy To know 1^ 
inethixi of knowring whether or not our dfxrks and 
watches go true' for if, through a small hole in a goa truo or 
wnidow-sbutter, or in a thin plate of metal fixed to 
a window, we observe at what time any star disappears 
a chimney, or comer of a house, at a little distance; and if the 
same star di^ppears the next night 3 minutes 56 seconds sopner 

vot. I 1 
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m 

|]^ tht clock or uRteli, tind on the leoimd night, 7 minutcii 5S 
lecoiuls gooiipr, the third night 11 minuteii 48 seconds Mxmer, 
and so on, esery ni^t, as in the table, which »<hcws this dii- 
ference ibr .10 natural da)s, tt is an infallible ugn tliat the ma¬ 
chine gois true, othciHisc It does not go true, and niuiit lx* re- 
gidated accordmgl} , and as the disaj>|X'Arin»-*15r‘ a staT^^s in¬ 
stantaneous, we nia) depimd uti this information to hall a se¬ 
cond. 


CHAP XIII 

on rifi j ui viios or i imi 

T s ^ 

HI Karth's motion 1)11 iis ims b mg |i(it(ctl\ iinifonii 

and equal at all times of tin \i ii, tlu s^(il u .1 d ns lu alwa>‘^ 

precisely of an equal length, .uul so isould tlu oi natural 

days Ik‘, if the Karllfs oibit lun i ju 1 1« it < nt h . and its axis 

„ . penxfnditiilar to its oibit Mini tin 1 nth's diuiiuii 

The Sun end * ' , , , , 

ebrke equal motion on nil inLiiiud aMs and it<^ aiinual motion m 

oaljr(Mi4daji gjj clJiiitK olhil, ( iiist flu Snn's aiinaiml motion in 
of the year. , * ' ' 

the iieavciis to he mucjiitl toi oiik'iuu'- iu ii 

solves from the ineiidian to the iiKiidim again m sonuwliat 

less than SI honis, s)u>n'n Ih <i uiII-muiiI iitil ilotk, and at 

other tunes in somewhat iiioie so tint llu tiiiii sluun b\ .m 

equal going clcK‘k and a (me sim diil is iu%li tin saiiu but on 

the 15th of Apnl, the lOth of June, tlu ‘31 t <>1 \ugust, .md 

the 24th of DecemlKi The ilixk, d it gois i(|nabl\ and true 

allthc}ear round, will be btfoit tlu sim iiom tlu 21th of 

December till the l>th of A pi 1 1 fiom ilni tmii till (lit Kith 

of June the Suiiwill belHiort tliedmk . ftoiii tlu Kitbol Jiiiie 

till the 31st of August the clock will be again lieloie tlu Sun, 

and from tlience to the 21th of DccenilKM tlic Sun wnll he laster 

than the clock 

Tine of the tables of the (Hjiialion of natmal da}s, 

Jlquatiwn at the ctul of the following chapter, shew the time 
that ought to he jiointed out by a weli-ngulatfd 
Aick or wratch, cxery da;^ of the }ear, at the precise moment 
Cflar noon; that is, when the SunN amtre is on the meiidian, 
or when a true Buo-dial sliews it to be preasely 12. Thus, on 
the dth of January, in leap-year, when the Sun is on the me- 
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ridiau, it ought to he 5 minuted sectmiia past 12 by theb 
dock: and on the 15th of May, when the Sun is on the meri.^ 
ilian, the time by the clock should be but 55 minutes 57 se¬ 
conds jMist 11 ; in the former <»se, the clock is 5 minutes 51 
.(fcr.r'*'' ’)dT5rch^\id with the Sun; and in the latter case, the 
•Sun is 4 minute*. aTSaronds fasu*r than the clock. The column 
at the right hand of (‘j^li month shews the daily difference of 
this equation, as it incrcaV's or decreases. Hut without a me¬ 
ridian line, or a transit instrunient fixed in the plane of the me¬ 
ridian, wf cannot set a Min-dial true 

*22(J. The easiest and most expeditious way t>f How todmir 
draning a mendian line is this' iinke fiiur or five • moidan 
'•oiicentnc circles, alMnit a qiiartiT of an inch from 
otii*allot)«i‘r, on a flat*l)ourd. ahoiit a f(K)t in breadth; and let 
the outermost circle he but little less than the Iward will con- 
Uiin. I'lx a pin ]icr|K'ij(licularl> in the centre, and of such a 
Icmjtii that Its \iholc shadow nia\ fall within the innermost 
circle for at li.i't 1 liouiv in the middle of the day. The pin 
ought to he ahoui an Sih }>urt ol'.in inch thick, and to have a 
round hhint jioiiit. 'flic lioanl being set exactly level in a place 
where the '^1111 shines, siqiposi' from 8 in the morning till 4 iu 
the attcriKion, ahotil which hours the end of the shadow should 
fall without ail the circles; watch the times in the foienoon 
when the cxtrenii!> of the .shortening shadow just touches the 
sescral circles, and there make marks. Then, iu the aflernoon 
of the same dn\. watch the lengthening shadow, and where its 
end touches the siweral circles in going over them, make marks 
also. T.astl\, with a pair of (onipa.ssi's, find exactly the middle 
fKMiil iH'twcdi the two marks on any circle, and draw a straight 
iin<‘ from the centre to that jMinit; which line will be oosered 
at noon h\ the shadow of a small upright wire, which should 
he ]>ut in the place of the jiin. The reason for drawing several 
circles is, that in case one ])iirt of the daj should prove clear, 
mid the other jMirl somewhat cloudy, if you ini«'sthc timew'hen 
the jioint of till* .slijidow should touch one circle, you may per¬ 
haps catch it ill touching another. The Ix'st time for drawing 
a meridian line in this maimer, is about the summer solstice, 
because the Sun changes his declination slowest, and his alii- 
tilde fastest, in the longest days. 

I f the easement of a window on w'hich the Sun shines at noon 
he quite upright, you may draw a line along the edge of its 
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jflKatlur Ail the floor, when the shadow of the pin u exactly on 
rhe ineridiau line uS the board: and as the motion of the shadow 


of the casement will be much more sensible on the floor, than 
that the shadow of the pin on the hoard, you may know to 
a flew seconds when it touche*t the meridian lirjp^nn . 

and so regulate your clock fur the day ^Observation by that 
line and the equation tables above medtimied, § 225 

^ 227. As the equation of time, or diffurcnct* between 

BMual days the time shewn by a well-regulated clock and a true 
****“"^ sun-dial, depends upon two causes, iiamciv. the ob¬ 
liquity of the ecliptic, and the uniHiual motion of the Karth in 
it, we shall first evplmn tlic eflccts of theci' causes separately 
considered, and then‘the united effects resulting Innii their 
combination.' 


228. The Earth's motion on its a\is Inking fx;rleetly ispiahle, 
or always at the same rate, and tlu^ plane of the etpiator hung 
perpendicular to its axis, it is e\ident that in eipial times, e(|Uril 
portions of the equator pass oAer the t.ieridiun , and so would 
equal portions of the ecliptic, if it weii. paiailel to, nr coiiicideiii 
Tbedntpan etpialor. But, as the eeliptu is oblique to 

is khe eqaa- the ecpiator, the equable motion of the I*'artb cariies 
tioa of ume. mj^mj |K>rtions of the eebplit over the meridian in 
equal times, the difference Ix'ing pro|K)rtional to the obriquiiv ; 
and as womc parts of the ecliptic arc tmieb more obli(|ut‘ than 
others, those differences are unequal among theinsL‘]\es. 'riicre- 
fore, if two suns should start, either from the beginning of Aries 
or Libra, and continue to move through equal arcs in equal 
times, one in the equator, and the other in the ecliptic, the 
equatonal sun would always icturii to the meridian in 2f> hours 
time, as measured by a well-regulated cluck, but the sun in 
the ecliptic would return to the meridian sometimes soonci, and 
sometimes later than the equatorial sun, and onl} at tlic same 
moments with him on four days of the year, namely, the 20t[i 
of March, when the Sun enters Aries; the 21st of June, when 


* As the motion of the Earth » deranged by the action of the Moon, Venus, 
Man, and Ju]iiter, the quantity of whidi m now computed, and employed in (he cal¬ 
culation of the Sun's longitude, the equation of time must also be affected by this 

, £iitasi*‘ At a nuudmiun, however, it amounts only to 2^ seconds.—Ad. 

* If the Earth wen cot along the equator, quite through the centre, the flat sur- 
Aee of this section would be the plane of the equator; u the paper contained within 

dtde mtj be Jtufly twnad the phuie 9t that dicle. '' 
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he enters Cancer; the 28dof September, when he enters Libra; 
and the Slst of December, when he entms Capricorn. But aa 
there is only one sun, and his apparent motion is always in the 
ecliptic, let us henceforth cdl him the real Sun, and other, 
which ie 5iinposed to move in the equator, the fictitious; to 
which la.st the mdCtim of a well-regulated clock always answers. 

Let Z » ^he tnelESarth, ZF Rs its axis, a h 
fc d r, &c. the equator, Ai? C D E, 8ec. the northern *'•8' *• 
half of the ecliptic from T to ^ on the ude of the globe next 
the eye; and M N O &c. the southern half on the opporite 

side from to T. Let the points at B, C, J>, E, &c. 
quite round from T to T again bound equal portitms of the 
ecliptic, gone through in equal times by the real Sun; and those 
h, c, d, &c, equal |x>rtions of the equator described in 
equal times *by the fictitious sun; and let Z T a be the meri¬ 
dian. . 

As the real Sun moves obliquely in the ecliptic, and the fic¬ 
titious sun directly in thp equator, with respect to the meridian; 
a degret', or any number of degrees, between V and F on the 
ecliptic, must lx* nearer the meridian Z a, than a d^ree, or 
anv airrospoiiding number of degrees, cn the equator from 
to^^V and the more so, as they are the more oblique; and, 
therefore, the true Sim conies sooner to the meridian every day 
whilst he is in the quadrant t F^ than the fictitious sun does 
in the quadrant T f; tor which reason, the solar noon precedes 
noon by the clock, until the nsil Sun comes to F, and the ficti- 
tiouh Xof; which two point', being equidistant from the meri¬ 
dian, Ixith suns will come to it pri'cisely at noon by tlie clock. 

Whilst the real Sun de^eribes the second quadrant of the 
ecliptic FGIIIKL from 25 to he comes later to tlie meridian 
every day than the fictitious sun moving throi^gh the seemKi 
quadrant of the equator from /* to ; for the points at (?, Ht 
/, iT, and L, being farther from the meridian than thrir corres¬ 
ponding points at gv A, *, A', and /, they must be later of com¬ 
ing to it: and a.s Ixith suns conic at the same moment to the 
point they come tn the meridian at the moment of noon by 
the clock. 

In departing from Libra, through the third quadrant, the 
real Sun going through MNOPQ, towards at jR, and 'die 
/'fiaitious siiii through mnopq towards r, the former oimies to 
the meridian T'l cry day soonei than the latter, until the real Sun 
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comes to and tlic Hctidous to r, and then the;)r both come to 
the meridian at the same time. 

Lastly, as the real Sun move^ equably through STWWy 
ftom towards t ; and tlie fictitious sun through n tuvw, 
from r, towards v* the former comes later ^•rvjih|yJju»hr* 
meridian than the latter, until they both at the point T, 
and then tliey make it noun at the saihcyimie aith the ehxrk. 

S29. The annexed table shews how much the Sun is fast*, i 
or slower than the clock ought to Ik*, so for a> thi* difTereuci’ 
depends upon the obliquity of the ecliptic; of \ihich the sign** 
the first and third quadrants arc at the head ot the table. 
Atebkofiiie degrees at the lift hand; .muI in tliest* the 

•qwiion of Sun 18 faster than the clock: the signs uf'the sis.'oiid 
fag*<m'Ae' fourth quadrants lu-e at thi* hnil of the table, ami 
Son's plaw their d^!p«es at the right hand; in all ahuh the sun 
inOeediptie. ^over than the clock , so thrt entering the tahli* 
with the given ugn of the Sun's plan' at tne head of* the tahli, 
and the degree of his place in that sjgn at the leii hand, nr 
with the given sign at the fixit of the table, and degree at the 
light hand; in the angle of mei'ting is the iuiiiiIrt of nnnutis 
and aeoonds that the Sun is faster or slower than the tlmk 
or, in other words, the quantity of time in winch the ual 
Sun, when in that part of the ecliptic, comes KMiner or l.iler to 
the meridian than the fictitious sun in the etpiator. '^riius, 
when the Sun's place is b Taurus 12, he is 9 minutes ].9 
■ecaonds faster than the clock ; and when his pliu'C is 7s> ('aiuer 
18^, he is 0 minutes 2 seconds slower ' 

’ The £ditor hu computed the follooing table anew. ufKin the supposition that 
die obliquity of tfao ediptic n 33” 27' A1 • When thi obliquity of thi irlipui in 
CNMHi OT dtminiihes, the equatiim of tune nill also inmasL nr diiiiinisli, but b\ a 
qimt^y eo very n^ell, that it amounts, at a maximum, to almut a «< rnnd and a half 
in the ooune of two /centuiiea. The aigns 4 * eod — uidirate tliat this part ot the 
equation of time is to be added to or subtracted from the apparent tinu. The num- 
ben in this table are the differences between the true longitude of tite Sun, ai d hw 
tlM rijgjht aacenoioii, converted into tune, at the rate of 15” per hour.~-.Ad. 
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A TaJtAc of iht of time dependh^ on ifi* obltgyU^f of 

the ecliptic. 
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4S0. This port of the equation of tune may perhaps be some- 
111, ^ hat difficult to understand by a figure, b^use both 

^ *• halves of the ediptic seem to be on the same side of 
Ae globe, but it nia) be made vciy easy to any person svho 
has a real glolw before lum^ putting small paUhesjon every 
10th or 15th d^p^ both of the equator ajMi*'c^ptic, Ik'gin- 
ning at Anes T, and then turning the lyU lound west¬ 

ward, he will see all the patches from ^les to ('aneei loine to- 
the laraaen meridian sooner than the corres]K)iuhng |Mitilus on 
the equator; all those from ('aneei to Libia will conn 1 itir to 
the mendian than their eoi u'•jionciing fiatihes on tin iqiiator, 
those iconi Libra to Capi 1 C urn -(Ninei, and thoM^ lioin ( ipii- 
oorii to Aries later, and the jiatehcs at the iHgin^mgs ot Aries, 
Cancer, Libra, and Capricorn, iK’iiig eithei oi oi (\lu with 
those on the etjuator, shew that tin two suns tviluionctt tin re, 
ae are even with one another, and so come t > du inendun at 
(he same moment. i 

Amichtne Suppose that tips to are two little halls 

ferdiewfng moving cH^uably round a ceUstial globe l>) clock- 
work, one always keeping iii the ecliptic, and gilt 
die salar with gold, to represent the ical >uu. and the otlu t 

*““*■ keeping m the equator, and sihciLcl, to represent 

the fictitious sun, and that whilst these balls move once loiind 
the ^obe according to the order tii signs die* eleak turns the 
globe 366 times round its axis vv-^tward. 'I'he stais will make 
366 diurnal revolutions from the lu.i/e'ii iiicndiaii to it again , 
and the two balls representing the ical and fietitioiis suns al¬ 
ways going farther eastward trom an\ given stai, will eonic 
latCT than it to the mcndian cver\ toilowing dav , and each ball 
will make 365 revolutions to the mendian, eonnng equally to it 
at die beginnings of Anes, Cancer, Libia, .end ( apiieoni, but 
in every other point of the ecliptic, the gilt hill will come eidicr 
aooner or later to the mendian than the* silvered ball, like the 
patches above mentioned. This would lx* a pretty enough way 
of shewing the reason why any given stai, which, on a re*iUin 
day of the year, comes to the niendian witii the Sun, parses 
oVer it so much sooner every following day, as on that day 
twtivdmondi to come to the mendian with the Sun again, and 
idso'to diew the reason why the real Sun comes to the meridian 
tometimes sooner, sometimes later, than it is noon by the 
docl; and, on four days ol the year at the same time, whilst 
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the fi^tious sun always comes to the meridian when it is 12 at 
noon by the clock. This would be no ^fficult task for an ar^ 

perform, for the gold ball might be carried round the*ecKp- 
tic by a wire from its noi^ pole, and the silver ball round die 
equator by a wire from its south pole, by means of a few wheris 
to each, which might be easily added to my improvement of the 
celestial globe, de^'riuedin No. 483 of the Philosophical Trans* 
«actions, and of which I *%hall give a description in the latter part 
of this Imok, from the third figuix* of the third plate. 

232. It is plain, that if the ecliptic were more Plate VI, 
obliquely |k)sited to the equator, as tlie dotted circle ***• 

T X :Czf th\ ctjual divisions from to x would come still 
sooner tt) the raeridian Z o, •‘p llian those marked At B, C, /), 
and E do; for\ wo ^livisions containing 30% from T to the se¬ 
cond dot, a> littl\ short of the figure 1, come sooner to the me¬ 
ridian than one dmsion containing only 15“ from 'p to d does, 
as the ecliptic nowV^nds, and those of the aecond quadrant 
from O’ to woultNi^ so much later. The third quadrant 
would lx; as the first, and the fourth as the wjcond. And it is 
likew ise ])lain, that m here tlic ecliptic is most oblique, namely, 
about Aries and Libra, the difference would be greatest, and 
least about Cancer and (’apricorn, where tlie obliquity is least. 

233. Having expimned one cause of the diflPerence 

of tinu! shewn by a well-regulated dock and a true put of the 
sun-dial; and considered the Sun, not the Earth, as 
moving in tlie ecliptic; we now proceed to cxpiain 
the other cause of this difference, namely, the inequality of the 
Sun’.s apparent motion, § 205, which is slowest in summer, 
when the Sun is farthest from the Earth, and swiftest in winter 
when he is nearest to it But the Earth's mudon on its axis is 
equable all the year round, and is performed from west to east, 
which is the way that the Sun ap{x;ars to change his place in 
the ecliptic. 

2.34. If the Sun’s luotinii were equable in the ecliptic, the 
whole difference between the equal time as shewn by the clock, 
and the uncc]ual lime as sliewn by the Sun, would arise from 
the obliquity of the ecliptic. But the Sun’s motion sometimes 
exceeds a degree in 24 hours, thnughi generally it is less; and 
when liis motion is slowest, any particulfu: meridian will revolve 
'rtSJher to him than when his motion is quickest, for it will over- 



Its OF ins B^OATfoN or tms tn sm 

tfike him in loss time when he diUaiuc"* a le^s sjMio than when 
be nio\es through a largei 

S35. Now, il there \(eie tao suits inoMiig in the plane ut 
the cchptK, so as to go lounti it in a ^em , the one desirihing 
an equal dii eser) $21* houis, and the utlioi desLiihing some- 
times a less au in 24 houts, and al other limes a Liigii, gam 
ing at one tiiiu oi tlu\>ear ulut it lott al tiic o|)]M)sitc, it is 
evident that eithi 1 of tlu^se smts nouldAoiiK soitiid oi laid te 
the nieridian than the othoi, as it hap|)dicil to lu lit. hind oi In 
fore the otiui , and nhen thL^ nen ImiiIi in ioii|uii( tion, tlii> 
would come to the inemli.in at tin •‘.inii. moimiit 
PlaieVZ, As till t( il isun iiioms iiinqiiahU in tin 

^ iciqitic, lit us siip|) 4 iM I hitilunioi sun to inov 

equabl\ in a iiulf lomculent with tin pluu oi tin tiiiptn 
Let ARID hi tin iilqttu oi mbit in wlitili du ri il Siin 
moves, and tin doltnl null a b t tl tlie luia^maiv orhit oi tin 
fictitKiUh Mill, latli going round m a vim aiioiding to lin 
order of litteis, or liom wist to list A tt 7/ / A L hi ili 
Earth turning louiid its avis tin sami uav tviiv 21' hoins, 
and supjxise both suns to stait horn A and ti in iii^lit liiu 
with the plane of the ineiulmii h 77 < t tin sinn monunt tin 
real Sun bX A hung tinn it his guaiist distuxi iioui tin 
Earth, at which tiiiu his iiioUoii is slouist, ,ind tin fniitioiis 
siin at a, whose motion is always ujiiuhli, hniinsi iiis distaim 
from the Earth is sup{X)sed to Ik a)wa\s tin smn In tin 
tune that the miridiuu nvolvis trom If to 7/ again, .uioidiiig 
to the order of the letters II I K 7, tin nal Sun hismond 
from A to 7^, and the fictitious with a <{uiikd motion tioin o 
tn^f through a larger arc; thciiioie, tin nninliui L’ 77 will 
revolve sixincr from 7/ to h iiiidu tin iiai ^iiii it I\ (lian 
fnnn H\ok iindd tin fictitious miu at /, and tonsi‘quinti> 
it will then be luxni hv the sun-cliai sixmii tiiaii hv tin tliKk 

As the real Sun moses from A tow.uds ( , tin swiftness ot 
his motion incieascs all tin wav to (-^ win it it is at tin 
quickest. But, iintwithstanchng tins, tin futitious sun gams k) 
much upon the real, vioii aftii his diluting lioui A, that tht 
increasiiig vcicKit} of the leal Sun dtxs not bring him up with 
die cquaiK-moling fiitilious sun, till the foimtr comes lo ( , 
and the latter to c, when each ha** gone half luund its lespeclive 
orbit, and then being iii cuii|unetJon, the tueniUan A'77 ft 
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volving ta E K ooines to both suns at tlie fnme time, and 
therefore it is ntxm by them both at the same moment. 

But the increased velocity of the real Sun, now being at 
thd^iiirkest, carries him Ixiibre the fictitiouH one; and, there- 
fore, the same meridian will come to the fictitious sun sooner 
than to the real: for, wlulst the fictitious sun iiio\es from 
c u» the real Sun moves through a greater arc from C* to 6f: 
• consequently the poiii* K lias its noon b> the clwk when it 
conio« to A, but not its noon by the Sun till it comes to /. 
And uithoiigh the velocity of the real Sun diminishes ail the 
vva\ troin \ to A, and the fictitious sun by an equable mo¬ 
tion IS siillVconnng nearer to tlu* real Sun, yet they are 
not HI eonjimction till the one comes to A and the other 
tp n: and tlnn it is mxm bv them both at the same nio- 
rnent • 

Tims, It appi^rs tliat the solar noon is always later than 
niMin b\ the cloc^whilst the Sun goes from C to A ; sooner 
whilst he goes fron^ to and at these two points the Sim 
and iUx:k being etpiai, it is noon h\ them both at tlie same 
moment. 


207 The |X>iii( A is called tht Suns njiioffir, ^ 
because wlu*n he is there, he is at hi». greatest and 

disianci* from the Earth ; the |x>int C his perigee, 
heeaiise when iii it he is at his least distance from 


the r.arth • and a right line, as> A E L drawn piatc VI, 
thnnigh tlie Earth’s centre, Irtnii one of these |)Oints 
to the otlior, ib called ihe line ofiJte apsldij*. 

238 The distaiue that the Sun has gone lu any lime from 
his apog(x> (not the distaiici* he has to go to it, tliojgli ever so 
hull), is i.illcd Ail mum anomali/, and is reckoned Mtanano- 
III signs and dej»ieis, allowing 30 degrees to a sign. ***** 
n’lms, when the Sun has'gone, sHp|xise IT-t degrees from his 
a[M>i»ee at A^ he is s,iul to Iv 5 signs 24 degrees firoin it, which 
IS his mean anomaly , aiul when he is gone, suppose 355 
degrees from his apogee, he is said to lx* 11 signs 25 degrees 
from it, although lie be hut 5 degiws st»ort of A in ennnng 
round to it again. 

239 Eiom what was s*iid alxm*, it appeals, that when the 
^un’s aiiomnlv is less than (J signs, that is, wlun he is anywhere 

"Tictween A and f, in the half A /» i' of his orbit, the solar 
mjpii picredis the dock noon, but when Ins anomaly is more 
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than 6 signSf that ig, when he is anywhere between C and jt, 
ijS the half C Z> if, of his orbit, the clock noon precedes the 
RolaY. When lus anomaly U 0 ngm 0 degrees, that is when he 
is in his apogee at or 6 signs 0 degrees, which is, when he 
is in his pengee at C; he comes to the meridian at the iiuimcnt 
that the fictitious sun does, and dien it is noon b^ them Ixith at 
the same instant. • 

8i0. The foliouing table shews the variation, or equation, of 
time depending on the Sun's nnoinah, and arising from his 
unequal morion in the eehptie, as the former tub'e, 
riiews the variation depending on the Sun's place, (M(I lesulting 
from the obliquity of the ecliptic; this is to bo iijf.dei "tiKKl the 
same wa^ a& the other, iiameK, that when the ^’gns are .il the 
bead of the table, the degrees oie at the left l^nd. hut when 
the signs arc at the foot of the table, the re.speiai\e degu'es aie 
at the right hand; and iti Ixith cases the equa^fin in m the angle 
of meeting. When Ixith the alx>se>nicnticliied ifpiations are 
either faster or slower, their sum is the^ahitoluti ef]uatioii of 
time; but when the one is faster, and the other sUmer, it is 
their difference. Thus, suppust> the e(]Udtion dejKiiding on 
the Sun's place, he 6 minutes ll setvmds t<xi slow, and the 
equation depending on the Sun's anomnls, lx: !• niiiiutes 20 se. 
oonds too slow, their sum is 11 minutes 1 second tix) slow But if 
the one had been 6 minutes 41 seconds too fast, and the other 
4 minutes 20 seconds too slow, their difference would liavc Ixvn 
2 minutes 21 seconds too fast, IxKrause the grcatei quanlit> is 
too fast* 


* Tbe following Table, which la nothing mort than the equation of the Sun's 
orUt, or the difieKDce between hu mean and true plan, cnnicrtid into tune, has been 
eomputsd anew from the accurate Solar Tables uf M DiLunbn, and adapted to 
the year IMS. But aa the equation of the solar orbit diininislK s at the rate at 
18^.8 ui a centniy, this part of thi equation of tinu will diminiih at the rate of 
l".2& m a oratory* There la also anotlter varution in the equation of time, ansing 
horn the of the Sun’s apoget, and amounting, at a inazimum, to 14".S in a 

eratnry, when the Sun is in theapogeal or pengeal points of his orbit, but fur com« 
man these vanations may be safely neglect^—-Ed. 
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im, The' ebhquii^ of the ediph^ to the equator, which is 
the first mentiuned cause of the equation of time, would make 
the Sim and clocks agree on 4 days of the y&a ; which are 
when the Sun enters Aries^ I'anca*, l4ibra, and Capricorn ;*out 
the other cau>c, now explained, would make the Sun and docks 
equal only ice in a year; that is, when the Sun iv in his 
apogee and jH'ri^ce ('onsiipieiitly, 4’hen these two {x>int.s 
fall In the Ix’ginniiiji^ of* Cancer and Ca]>ricom, or of Aiies and 
Libra, they concur in making the Sun and clocks e([U{dMn these 
pmnta. But the ajxjgcc at present is in the *)lh/c!(*gree of 
Cancer, and the perigee in the 9th degriM? of Capncoin, and, 
therefore, the Sun and clocks cannot lx‘ cipial /ixnit the 1 k'- 
ipnniiigs of these signs, nor at an> time of th^ sear, except 
when the swiftnea^ or .slowness of the cKiuitioi^n'sultipg frojM 
one cause-just lialances the blo\ines.s or .sxift'ili'ss aVising from 
the otlier. ^ 

S48. The second table in tlie followin^'Vhapter shevisthe 
Sun's |dace in the ecliptic at tlie mxm‘'of e\er) du> lu the 
clock, for the second year after lea|>-year; and also the Sun’s 
anomaly to the neorcst degree', neglix-ting the ixld minutes of 
that degree. Its use is only to assist in the method of making 
a genera] equation table from llw^no fon*-inentioned tables oi’ 
equation depending on thi Sun's ))1ace and anomaly, § 

S41; concerning which method ne shall gi\e a ievi e.xamples 
presently. The next following tables are madefnim thosi' two; 
and shew llie absolute equation of time resulting fnun the com¬ 
bination of both its causes; in which the minutes, ns well as 
degrees, br>th of the Sun’s plan* and anomaly an* consider¬ 
ed. The use of these tables is jdready explained (§ 225) ; 
and they sers'c for every day in leaji-year, and the 1st, 2d, and 
dd years after; for, on most of the same da\s of all these years, 
the equation differs, Ix'causc of the cxld 6 liours more than the 


865 days of which the year eoiiMsts. 


EiMqilafbr 
iwltwig E. 

qoatum 

Ues. 


Example I. On the 15th of April, the Sun is in 
tlie 25th degree of T Aries, and his anomaly is 9 
signs 1.5 degrees; the eipiation resulting from the 
former is 7 minutes 22 seconds of lime loo fast. 


(§ 229); and from the latter, 7 minutes 21 seconds tixi slow 
^ 241); the difference is 1 second that the Sun is too slow ai^ 
the noon of that day, taking it in gross for the degrees of the 
Sun’s place and anomaly, without making proportionable al- 
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lowanoe for the odd minutet. Henoc* At'noon, the ewifbiei* of 
the one equation balancing so ncarijr the slowness of the otlier, 
jiinkvs the Sun and clocks equal on sinne pkrt of that day. 

ample 11. On the 16th of June, tlie Sun is in t^ 25th 
degriX of II Genkiiii, and liis anouialy is 11 signs 16 degrees; 
tiic i'(]ij|tion arifang from the former is 1 minute 1<8 seconds too 
fast, ann from the Litter, 1 minute 49 senmds too slow ; which 
baiaiiciiv (*ne anollu*r at noon to 1 second, the Sun and clocks 
are agiui\i'(|iial on that day. 

K\am])VlIl. ():i the 61st of August, the Sun's place is 7 
degiws .'>!2 ndnutes of Virgo, (11111011 «e call the 8th decree, 
as It IS lu.iVl and liis anomaly is 2 signs 0 degrees; the equa¬ 
tion .irising fnwi the foimer, i>> 6 minutes 40 .seconds too slow; 
and from the laver, 6 minutes tlG seconds tcKi fast, the diiference 
hl'msr (ml\ J seiVnds too slow at noon, and decreasing towards 
ail me(|iiaiit\, wil^iake the Sun and eliK'ks ccpial in ^e atler- 
noon of that day* v 

I’Aample n ()n\(je 2fkl of Deeeinlx'r, the Sun's place is 1 
degne H mlnutl^ (call it 2 degrees) of CapricOTn, and his 
.iinanaK is .j sign, 2U<legrees; the eejuation for the former is 
46 seconds t(H> slow, ami for the latter, 58 secomU too fast; 
iht‘ diiferimv is 15 st'conds too fast at luxni, which decreasing 
Mill come to uii e(}uaJit\, and $0 make the Sun and clocks equal 
in the e\eiim«; of that da>. 

And thu-i ire find, that on Miine part of each of the above- 
mentioned four da>s, the Sun and clocks are equal; but if we 
xork e\nmples for all other days of the year, xe shall 6nd them 
diflereiit. And, 

211. On those da\s xhicli are eqiiidi'iitant from _ 

• /.111 RenHttk. 

aii\ cHiuinox or *>oistice, xe do not nnuthat tnec(}ua- 

tioii IS a» much too fast or tix) slox on the one side, as it is too 

slox or tiKi last on the other The reason is, that the line of the 

apsides (JJ 268), d(H’s not at present fall cither into the equi- 

mx^tial or solstitial points ({j| 242). 

245. The four follox mg iHjuation tables for leap- ^he leuon 
\ear, and the lirst, second, and third >eais after, 

« tlttl ttllnCft 

would serve for ever, if the Sim's place and anomaly antrattem. 
xerc always the same on every given day of the year P®**!* 
as on the same day four years before or after. But ^ce that 
ifi-not the case, no generd equation tables can be so constructed 
as to be perpetual. 
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OP THE PRECESSION OP THE EOU1KOXE8 



S46. It has been already ofiserved ,(§ 116)) that by the 
Earth's motion on its axis, there is nuH’e matter accummated all 
aitNmd the equatonal parts than anyuihcrc else on the^i!arth 

The Sun and Moon, by attracting this redundanc^^of matter, 
bring the equator sooner under them in c\er> n'tiir^ touards it, 
than if there wfis no such accumulation Thcrefi^e, if the Sun 
sets out as from any star or other fixed point it the heasens, 
the moment when he is departing from the equinoctial or fnnn 
either tropic, he will come to the same cxiufnos or trojfii again 
90 minutes 17| seconds of time, or 60 second» of a degree, be- 
ian he omnpletcs his course, so as to arris e at the sanii fixed 
star or pennt from whence he set out ^ For the equincK’tiai 
points recede 50 seconds of a degree westward e\er> }edi, con. 
tnury to the Sun's animal progressne motion. 

When the Sun arrives at the same * equinoctial or solstitial 
point, he finishes what we call the tropical \ear, which In obser. 
vation is found to contain 365 da\s 5 hours 48 minutes 57 se¬ 
conds ; and when he arrives at the same fixed star again, as 
seen from the Earth, he completes the sydercal year, which con- 
tains 365 days 6 hours 9 minutes 14^ sccxitids. The s>deieal 
year is therefore 90 minutes 17^ seconds longer than the solar 
or tropical year, and 9 minutes 14] seconds longer than the 
Julian or civil year, which we state at 365 da^s 6 hours, so 
that the civil year is almost a mean betwixt the sydereal and 
tropical. 

247. Ab the Sun describes the whole eciiptie, or 360 dcgrc'es 
in a tropical year, he moves 59 minutes 8 secomls of a degree 
every day at a mean rate, and consecpieiitl^ 50 seconds of a 
degree in 90 minutes 171 seconds of time, therefore he will ar¬ 
rive at the same equinox or solstice when he is 50 seconds of a 
degree short of the same star or fixed point in the heavens. 


’ Ttw two opposite pouts u whidi the cdiptir erasses the equmaetul, on celled 
She gfmuueluU pemtf ; and the two pouts where the eriipUe touches the tropus 
(whkh an likewise opposite, and 90 degrees from the former) are called the 
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frrmi Hhif'h he set out in the year before. &»o that with respect 
to the fixetl stars, the Sun and equinoctial points foil back (as it 
Here) 30 (lep^*es in SlOO years, which will make the stars a{i- 
|>eii‘r^o ha\e fjone 30 degrees forward with respcxl to the signs 
of lliL^eiiptic III that time, for the same signs always keep in 
the sinit jMiints of the is’lqitie uilhoiit regard to the constella¬ 
tions. 

• 'I'o e\Vilani this by a figure, let the Sim he in viatcVI, 

coiijiineti'o iMlh a li\ed star .it iV, supjKjse in the ^’^8- 

3()th degu : of' tf, oil lhe,J21si day of ^fav 175G. Then 
1 * * 
in.iking iw.ilutioiis ihroogh the eelqitic VJFmV, at the 

tiid of so in:n\ s>dere.ai >ears, he will 1 k‘ found again at 

hot at the end of so luany Julian a ears, he will Ih* found at Jf, 

'.liort of .S’; .and at the end of m» man}'tropical years, he will 

he found short of .V, in the 30th degive of Taurus at T, which 

h.is receded hack from .S' to 7' in th.ot time, by the preccsiHon 

4»f'thc e'lunnietial pobits rr> Aries and isr I.ibra. The arc ST 

will bei’i|ual to the .in 'Mint of the precession of the equinox in 

il(it) \e.irs, at the i.ite of 50' of a degree, or 20 niinutcot Vi\ 

stcoiids of tunc .itiinMll\ ; this, in mi many years, niakcM* 30 

d.iis 10' hours, wiiuii is the di3‘er<‘nee between 2160 sydcreal 

.iim 1 tiopK.il M.u •> ^\iul till' are .1/7* will liceipial to the space 

iiitiMil through b\ the Sun in 2160 times, 11 minutes three 

su OIK is, or l(>da\' 13 hour- US niuiutes, wlik'k ihtlie diflereiice 

Itciwicii 2 l(j 0 Jiili.iii .111(1 liopie.il veius. 


\(>i.. 1 


K 
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A TUb tiemktg the Ptteema» tftht Afmimartial Potnte in the /fcnueiWf i«th 
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rreocMion of 

the EiouiiMctial 

Pmnts in 

Anticipation of the 

Julian 

1 



the lleavena. 



* KqumozcRonthe J 

yean. 

Morion. 


Earth. 



a. 

• 

F 

it 

m 


■a 

8. 

u. 

B 

HQ 


1 

0 

0 

0 

50 

0 

0 

20 

17i 

0 


n 

n 

2 

0 

0 

1 

40 

0 

0 

4(f 

55 

0 

0 

oo\ 


S 

0 

0 

2 

SO 

0 

1 

0 

52^ 

0 

0 

sd 

9 

4 

0 

0 

5 

20 

0 

1 

21 

10 

0 

0 

4/ 

12 

5 

0 

u 

4 

10 

0 

1 

• 

41 

27 i 

0 

0 

15 

15 

6 

0 

0 

5 

0 

0 

2 

1 

45 

0 

R1 

a 

18 

7 

0 

0 

5 

.>0 

0 

2 

22 

n 

0 

1 

17 

21 

8 

0 

0 

6 

40 

0 

2 

42 

20 

0 

1 

28 

2 4 

9 

0 

0 


SO 

0 

5 

o 

37 J 

0 

1 

59 

27 

10 

0 

0 

8 

20 

0 

5 

22 

55* 

0 

1 

■ 

.11) 

;jO 

20 

0 

0 

irt 

40 

0 

6 

45 

50 

0 

5 

11 

0 

jlO 

0 

0 

25 

0 

0 

10 

8 

45 

0 

5 

51 

50 

40 

0 

0 

35 

20 

0 

15 

51 

40 

0 

7 


0 

50 

0 

0 

41 

40 

0 

16 

54 

dr$ 

0 

.9 

12 

50 

60 

0 

0 

50 

0 

0 

20 

17 

50 

0 

11 

5 

0 

70 

0 

0 

58 

20 

0 

2;; 

40 

2.1 

0 

12 

55 

30 

80 

0 

1 

6 

40 

1 

5 

5 

20 

0 

14 

14 

0 

90 

0 

1 

15 

0 

1 

6 

20 

15 

0 

16 

54 

.SO 

100 

0 

1 

25 

20 

1 

9 

4.9 

10 

0 

18 

25 

0 

200 

0 

2 

40 

40 

2 

19 

58 

20 

1 

12 

50 

0 

500 

0 

4 

10 

0 

4 

5 

27 

30 

elm 

7 

15 

0 

400 

0 

5 

55 

20 

5 

15 

16 

40 

3 

1 

40 

0 

500 

0 

6 

56 

40 

i 

1 

5 

50 

3 

20 

5 

0 

600 

0 

8 

20 

0 

8 

10 

.>,» 

’0 

4 

11 

50 

0 

700 

0 

9 

45 

20 

9 

20 

44 

10 

5 

8 

.5.1 

0 

800 

0 

11 

"e 

40 

11 

6 

55 

20 

6 

3 

20 

0 

900 

0 

12 

SO 

0 

12 

16 

22 

50 

6 

21 

45 

0 

1000 

* 0 

15 

55 

20 

14 

2 

11 

40 

7 

16 

10 

0 

2000 

0 

27 

46 

40 

28 

4 

25 

20 

15 

8 

20 

0 

5000 

1 

11 

40 

0 

42 

6 

55 

0 

25 

0 

50 

0 

4000 

1 

25 

55 

20 

56 

8 

40 

40 

SO 

10 

40 

0 

5000 

2 

9 

26 

40 

70 

10 

58 

20 

58 

8 

50 

0 

6000 

2 

25 

20 

0 

84 

15 

10 

0 

46 

1 

0 

0 

7000 

5 

7 

15 

20 

98 

15 

21 

40 

55 

17 

10 

0 

8000 

3 

2 

6 

40 

112 

17 

55 

20 

61 

0 

20 

0 

9000 

4 

5 

0 

0 

126 

19 

45 

0 

69 

1 

50 

0" 

10000 

4 

18 

55 

20 

140 

21 

56 

40 

76 

1*7 

40 

0 

20000 

9 

7 

46 

40 

281 

19 

55 

20 

155 

11 

20 

0 

50000 

12 

0 

0 

0 

565 

6 

0 

0 

108 

21 

56 

0 
















CH. XIV OF THE PKECBSSION OF THE SQIHKOSES. , 181 

Si>8. From tlio hliiftiiig of the equinoctial pcnnts, and with 
thoin all the Kigns of the ecliptic, it follows, that those stars 
'»hicli in the infancy of astronomy were in Aries are now got 
int()^’Caiirn^, those of Taurus into Gemini, &c. Hence, like- 
vise, i\s, that the stars which rose or set at any particular sea¬ 
son of lie \ear, in the tiHK*s of Hesiod, Fiudovus, Mrgil, 
IMiiij, il-. h\ no means•aiisvcT at this time to their descrip- 
lams, 'illie preceding talile '•hews the quantity of tliis shifting 
both in th\ he.nens and on the Karth, for any number of years 
to J2o.fl‘i0, .' Inch completes the grand celestial jK'riod, within 
VInch an\ nii.nber and its (piantit\ is easily found; as in the 
(oiloving example, for 57()f5 vears, uliieh at the autumnal equi¬ 
nox, I). 17o(), I- thought robe the age of the world. So 
that vith^reyanl to thy fixed stars, the equinoctial }X)ints in the 
fua\i Ms liaie’imdid 2'J2() 2'.‘50'since the creation, vInch is 
;is niitih as tin Sun iikacs in 81*^ S'* 0"* And since that 
tiiiK, or in S7()li ^ears, the etjuinoxes with us have fallen back 
'll'' ‘11’" O', lunce, ’•eekoiiing from the time of the Julian 

I i|iini(>\, \ 1 ). 17”)(), \\/ Sipleniher lllh, it a]ipears that the 
utiiinniKil ecjuiMox ai the eiv.ilion vas on the 2Sth of October. 
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‘HO. .The antiupatioii of the equinoxes, and con- Thenutici- 
seuiieiillv of the s^nsoiis, is h\ no means owing to 
the prceession of the ecjuinoctial and solstitial points noxesiand 
ill the liea\ens (vhicli eaii only affect the apparent 
motions, ])luces, and docrmatiuiis, of the fixed stars), but to 
the diflereiice lu tween the ei^il and solar year, which is 11 mi. 
mites ri seconds, tlie ci\il \ear eonlaining l5GJ dajs 6 hours, 
nnd the solar \ ear BO.? days 5 hours 48 minutes 57 seconds. 
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Tlie next following table, page 135, shews the length, and con¬ 
sequently the diffemice of any iininher of sydereni, civil, and 
solar years, from 1 to 10,000. 

Theitaion mintitcs 3 st'comln, by ’.inch 

for Htcring the ci\Il 01 * Julian yeiir excetHK the Miiar, ani^iints to 
^ 11 dn\sin 1133 ^Ciirs; and m> imich ouf seasons 

I 

have fallen back witb iv«{H.'Ct to the days of tbe iiionii^, since 
the time of the Niceiie council in n. 3‘i.i, .‘ind thelefore, >n 
order to bring Inu'k all the fasts and festival . to tlie^la\ s then 

^ m * 

settled, it was recpiisite to supiiress 11 noitiiual dauf And that 
the ‘•anie season'^ iniglit be kept to the same liinos of* the \ear 
for the future, to lea\e out the bisst'xtile day in I'ebruarv at 
the end of e\crv century of* viars not divisible b\ 4, reckoning 
them only coniinon years, as the ITtii, IHtli, and 19(h cen¬ 
times, viz. the years 1700,1800, 11)00, &ce. In'caiise a day in¬ 
tercalated everv fourth v'ear a as t(K> iiiueli, and retaining the 
bissextile-tlay at thetiul of thuNf centuries of years Mhuh aie 

m • 

divibihlc by 4, as the lOth, 90th, and filth eenturies, vi/ tlie 
years 1600, 9000, 9400, See. Otherwise, ui length of time, 
the seasons would be ipiite reverstd witli regard to the nioiiihs 
of tbe year, tbough it would bavi required mar 9f5,*.S3 yi.iis 
to have brought nliout sneh n total change. If the llartii liad 
made exactly 365} diunial rotations on its hm',, whilst it re¬ 
volved from any eipiimxrtial or solstitial [loiiit to tin same .igam, 
the civil and solar years would always have k(‘pl jiaee togethei, 
and the style would never have needed any ulleration. 

251. Having already ineiitioneil the eause of the 
Thepreces- . - . , . • , , 

sum of the precession of the etpiinoctial ])oint'v in the heavens 

equinoctiil 9i6), W’hicli occasions a '•low deviation tif the 
Earth's avis from its parallelism, and thereby a 
change of the deciinulion of the stars from the e(|uutor, toge¬ 
ther with a slow apparent motion of the stars forward with re¬ 
spect to the signs of the ecliptie, we shall now explain the 
phenomena by a diagram. 

Plate VI, Let NZSVL lie the Earth, SON A its axis pro- 
diicod to the starry heavens, and tenninating in 
the prcseiii north pole of the heavens, which is vertical to N 
the north |k>Ic of the EanJi. Let EOQ, be the equator, Toii Z 
the tropic of Cancer, and VT the tropic of Capricorn: VOZ 
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the ecliptic, and BO its axis, Itotli wliicli are immoveable among 
the !‘tars. Hut as the equinoctial points recede in the ecliptic, 
ii. vl'^urth's axis is in iiioliun ui)uii the Eartirs centre O, 

in Sikh a manner us to descrilK‘ the double ame A'On and 
round die axis of’ the ecliptic HO, in the time that the e(|uinoe- 
ttal piirts mo\e (jiiite round the ecliptic, ■which is 23,920years, 
and in ii.it length of’ lime tlie north jiole of the Earth's axis 
prcKlucei! deicrilk's the eircli AliCDA in the starry heavens, 
round tiu |K)le of the ecliptic, which ktx'jis iinmo\cabie in tile 
centre of that circle. The E.irth's axis heiiig 23J degrees iri- 
eliiied to tlie axis of the ecliptic, the circle AliCUA descrilK'il 
b> the noith pole of the Earth's axis produced to-if, is 47 de¬ 
grees ill (hamet(.r, oi double the indiiiation of the Earth's axis. 
In (onsA|ueiue of this, the jioint A, which at pieseiU is the 
north jiole of the heavens, and mar to a star of the second nug- 
nitiide 111 the t.iil tA the constellation c<illed the ]..ittle Hear, must 
Ik disiTud l)\ the Earth's ,i\is, which, mming backwards a de¬ 
gree oer\ lA peal's, will be dnveted towards the star or jMiint 
/i in (ilSO M.iis 111 nee, and in double of that time, or 12,900 
M'ais, it will he direeled towards the star or ]xiint C, which will 
thin ill the north pole of the lua\ens, although it is at present 
(legieis south of the /lUith of Eundoii Z.. The present 
fiositioii ol the i(|uatorwill then he changed into cOq^ 
llie iropie ot C'aiKir T r. 5^ into 17 and the trojiic of Ca- 
pneorn 17 into t |■^ /, as is e\ident h_\ the figure. And the 
^^nl, 111 the same jiart of'the hea\enh where he is now o\ir the 
eaitldv tiopie of Capneorn, and makes the shortest daxs and 
longest nights m the luirthiiii hemisjihere, will then be oxer 
tile e.irtiiU tropic of ('•nicer, and make the days longest and 
nights shortest. So th.it it will retpiire 12,900 xears yet more, 
or 23,920 from the then present time, to bring the north ))ole 
N quite round, so as to he dincletl toward th.at |K)int of the 
heaxeiis which is xertieal to it at piesent. And then, and not 
till then, the .same st.irs which at present dcsciilx* the equator, 
tropics, and jiolar circles, ixc*. b\ the I'arth’s diurnal inoliun, 
will describe tlicm over again. 


^ The cquinocti.il ciwlc intersects tlie cdiptic in two opposite points, rolled Anew 
and Libra, train the signs which always keep in these puiiit,; tlier uie ralKsl the 
i(iuiui.jtial points, bLiaiiM wlii>n the Sun is in iithiiot tlicm, l.c la diicctl) o\er the 
tcrre&truil ccpiator^ and tlun tlie da}» and in^hta an iqiial. 
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OF TTIF. PEEriSSlON OF THE EUriNOXEs. ( If. XIV. 


2f. B- At the tjdereal year is now found from the mokt wrnratc observations to 
be only 363^ ff* 9' 11" 9, the first part of the following table, ronuining the syderrol 
years, will err in excen 3".9 for every jear. If n, therefore, be the number of rivil 
3 reani for which the sydereal time n required, « x 9' .9 wdl be tlic correction kw tie 
added to the time given by the table. 'J’hus, if we want the sydereal tuna for 90 
years, the tabic gives 2191tV' 9*' 14' 30"; but n being in this ca»e i-qu.d farf 90, the 
correction a x 2'.!) sill be equal to 90 X or 174", or 2' 34', so init tlie true 
tjdereal time will he 21 . 01 . V 9'* 17 21 ". • • I * 

The solar year being only 393‘‘ S'* 49' 49 , the 2d part of ihe table rontainiiig 
Mdar time will err'9' in excess for c\i‘ry year, mi that a being the number of years as 
before, n x 9' «ill be the correction ahich is always to be added to the^nc gnen hy 
the tablc.*£d. 


TABLE.'^ 
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A Table skewing the Time contained in any number of Sydereal, Juhan, 
and Solar Years, from 1 to 10000 . 




































































186 TABLK& OV TII£ SUK'n PLA('£ AND ANOMALY. ClI. XIV, 


A TaUc xJtewmff the Sufi's true Phee amJ jytsiance Jmm his 
AiMgeCtJor tk- seiwul t/eur it/hr lAvp-i/ear. * 
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Tativ sfu"ik.'hiff the Suit'g true Plaee and Distance from his 
JjMiffir,Jbr i/te second year after Leap-ijear. 
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EQrATIOV TABLES. 


cir. XZV. 


A Table shewing what Time it ought to be by the Clock when the Suns 

Centre is on the Meridian. 

The Bissextile, or Leap-year. 










































ClI. \iv, 


EQUATION TABT.es 
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A Table shewing what Time ii ought to he hf the Clock when ilte Sun's 
, Centre is on the yieridian. 

Tilt* or e.ir. 
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EQrATlOX TABLES. 


CWAP. \IV. 


A Tahit' shfM'iapf what Time if ought to he hif the CliK'k when the Sun’s 

Centre is oh the Meridian. ^ 

« 

The* fir>t Year after Leap-year. 
































































t II. XIV, 


KdUATION TARLEfl. 
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J Ttililv aIhii ing ti'hftl Time it ought to he hjf the Clock tvkcn the Sun's 

Centre is on the Meridian. 

Tilt* first Year tifler Leap Year. 







































Day*. 
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KQrATlOV TAlll.FS 


cir. xfv. 


A Table shewing jvhat Thm it ttnghl to he hif the Clock when the Sun’s 

Centre is on the Mentlian. 

0 

Thi* hwond I’rar after I^ea|»-3'car. 


•lanuary. 


II. 


i \ liruarv. 


II. 


Mar.li. 


M. s. 


April. 


)Ia). 


II. 


s. II. 

I 


•lum-. 


M. 


1 

\ir 

1 

I.'fMI 

1 t 


i-i 

.‘57 MI 
■ 1 

a* 

• 1 

‘rj \ I 


.10 \ I 

.'57 


Cl 


i 


J 1^ 

f.t 


i‘j 


> 

a> 

.51 

.Vi 

1.5 


•17 

.50 

o 
• 1 


.1 


1 1 

IJ) 


1 .> 

I'jl 

( 

• > 

Hi 

.Vi 

:i8 


.1“ 

10 

4 


if 

:ui 

11 

•.J.'i 


11 

.'i.sj 

a> 

.■i8‘ 

.Vi 

.‘50 


.17 

.10 

.S 


(i 

:i 

1 

1 i 

‘.‘‘J 


11 

ir 

il 

lol 

_ 1 _ 

.Vi 

‘J1 


.18 

0 

fiMI 

C, 

.‘50 \II 

1 1. 

a» 

• 1 i 

\n 

11 

.‘50 MI 

ik 

‘JJM 

10 

—W 

I!K| 

.IS 


• 


(i 

.ili, 

i 1 

.■,f* 


11 

l.V 

kt 

.*» 

V) 

11 


i.S 

) j 

S 


f 

‘l|i 

1 1 

.‘>S 


11 

0 

1 

18 

.10 

10 


IS 

■5.5 

!> 


t 

Hi 

I 1- 

J-» 


10 

1 

1 

.51 

.V) 



.IS 

1.1 

lo 


s 

Id 

1 1 

11 


10 

‘JO 

1 

1 1 

.Vi 

‘ 


.18 

.Vi 
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1.(IUAT10N lABLES. 
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A Tabic ifien i. 
\ 


iTul}. 


If ftliaf Tme i! aught to he bjf the ('Uxk when the Sun’s 
Centre is on the Meridian. 

'riip second Year after I,^ap-year. 


Aiii^ist. 

• 

ScptHnlKn* 

< )rtobcr. 

November. 

Derember. 



1 




II. M. S. j 11 . 


M. ‘• 


II. « s 


II. 


M. S. If. M. S. It. M. B. 














































IH 


FltFATlON TABI.E<I. 


CH. XIV. 


A Tiifili' shciPtNg trAaf Time it ought to he hg the ('im k n tu n the Shh's 

('cuter is on the Meridian. 

The thiril ^’ear after Leaj>-year. 
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CH. XIV, 


xatf ATiox tables 
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A 'FaWf sLcwinnf what Time it ought to he bif the Clock when the Swa'e 
y ' Ceutre is on the Meridian. 

The third Year after Leap Year. 



^OL 1 
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Ob8EETx« by a good meridian line, or by a transit in. 
Btrument properly fixed, the moment i»licn the Sun's centre is 
on the meridian; and set tlic clock to the time marked in llic 
preceding table for that day of the year ;—then, if the clock 
goes true, it \iill point to the dmc shewn in the table every day 
afterwards at the instant when it is noon by the Sun, which is 
when his centre is on the meridian.—Thus, in the tirst year 
alter leap-year, on the 20th of October, when it is noon by the 
Sun, the true equal time by the clock is only 44 minute.H 50 
seconds past xi; and on the loMt day of Di'ccmber (in tliat 
year) it should be 3 minutes 45 sccondh [mst xii by the clock 
when the Sun's centre is on the meridian. 

The following tabic was made from the preceding one, and 
is of the common form of a table of the equation of time, shew, 
ing how mu<di a clock regulated to keep mean or equal time, 
is before or belund the apparent or solar time, every day of 
the year.' 



A 


TABLE 


OP THI. 

EQl ATION OF TIME, 


siiBwiva 


IKm MU'H A CLOCK bllOLLD BE FAbTER OR SLOWER THAN 
IME bCN, AT THE \OON OF EVERY HAY IN 'lllE 1 EAR, 
BOni IN IhAP-YEARb AND COMMON \ T.AUt. 


['Ilu 


Asteti>>kh in tlie 'I’abli ^eii t iiiic tin rlnnijis 'n lnw m iii*t } 
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EQUATION TAILS&. 


f H. XIV, 


jI Table the Equation of’ Time, shewing how much a Clock should 
hejaster or slower than the Sun, evcrg Dag of the Year, at Noon. 

The BiMcxtile or Leap>year. 




















































CH. XIV. 


XaifATIOW TABLES. 
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A Table of the Equation of Time, sheming how muck ft Clock should 




The Bissextile, or I..eap-year. 


August. September. October. | November. I December. 


J| a iia 
S 

.3^58 
4 8 


a 50 
5 r; th* 


5 ^23 

5 sMU 
{) 


! 

e» 

U 

.5 

10 

5 

1: 

.) 

24 

5 

30 

5 

65 

5 

40 

5 

45 

5 

49 

5 

52 

5 

55 

5 

57 

5 

59 

6 

0 

6 

1 

6 

1 

6 

0 

5 

59 

5 

58 

& 

56 


3 

16 

3 

31 

3 

20 

5 

7 

0 

53 

2 

38 

2 

23 

2 

8 

1 

52 

1 

36 

1 

19 

1 

2 

0 

45 

0 

27 

0 

9 

3 

•9 


5 32 

5 53 

6 14 
« 35 
6 56 


7 16 
7 37 

7 58 

8 18 
8 38 


8 .58 

9 18 
9 37 
9 57 

10 16 


6 IS 
«oI3 
6 0*12 
6S^11 
6 8 


12 4 16 5 

12Z-20 161- 1 

12 2.;7 1 . 1^57 

l.>?51 
1.1 8 15 44 


11 

30 

u 

42 

14 

53 

15 

3 

15 

13 

15 

22 

15 

30 

1.5 

38 

15 

45 

15 

51 

1.5 

56 

16 

1 

16 

5 

16 

8 

16 

13 

16 

12 


U 48 
14 35 
14 22 
14 8 

13 53 


13 37 
13 20 
13 3 

12 45 
12 26 


12 6 
11 46 
11 25 
11 3 

10 40 


10 17 

9o54 

9229 

9^ 5 

8 39 

8 

17 

7|47 

7«21 

6 5 54 

6 

26 

5 

58 

5 

30 

5 

1 

4 

32 

4 

3 

3 

33 

3 

4 

2 

34 

2« 4 

LL 



1 27 
1**J57 
2826 
2855 

8* 4 


3 53 
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BOrATIOD TABI.B>i. 


CII. xir 


A TeAte^ the Eq^kut ttf JUmf, sketi'iif; kotr tvuth a Clatk \hotthl 
he farier w sUmer than ike San, «rry /A/y of the Year, at Soon. 

The First Year af^cr Lea|i>year. 


Jantiarj. I Febnuuy. i Maich. I April. 


June. 


u. g. 


4 SI 14 i) 
hn*9 

Sgl? 14|‘22 
5«*44 14?f‘S7 

6 11 14 sa 


13 36 

13 

laTio 
11 S-5(i 
11 43 


11 28 
11 B'l.*! 

10^57 
10 42 

10 2 () 


IS 44 
IS 5S 


14 

40 

14 

8,9 

14 

37 

14 

35 

14 

31 

14 

27 

14 

25 

14 

17 

14 

11 

14 

4 

IS 

57 

IS 

49 

IS 

40 

IS 

SI 

IS 

21 

IS 

10 

12 

59 

12 

48 


5 5 


5 41 
5 23 
5 4 
4 45 
4 26 


8 

49 

8081 

3 


2 9^55 

2 

87 

2 

19 

2 

H* 2 

1544 

1 

■27 

1 

11 


54 


39 


22 

0 

7 

0 

•8 

0 

23 

On^37 

0 

r5i 

IK- 4 

1 

17 

1 

SO 

1 g-42 

1 S 54 

2? 5 

2 

16* 

2 

26 

2 

S6 

2 

45 

2 

54 

S 

2 


H r-, 

3 h6 


3 58 

4 0 
4 1 
4 I 
4 1 


8 51 


4 
4 
8 
3 

3 23 


3 22 
8 15 
3 8 
S 1 
2 63 


a 


u 

-^27 

2 


41 

Ai 

^ 7 

1 

57 

1 

47 

1 

HO- 

1 

di 2.) 

I 

•S 1.8 

1 

it 

0 

50 

0 

SB 

0 

25 

0 

IS 

0 

•0 


8 22 
2 S4 
2 47 

2 59 

3 10 












































fH. XIV 


XaUATlON TABLKA 


A Table ^ the Equation Thu, skeuhg ham muck a Cloek ehoitld 
^brfoiUr or slower than the Stm, euHy Day of the Fear, at 2hosu 

The First Year after Leap-year. 


August. 


3 V‘i 

.l| Sflt 

3^4J 

4 3 


5 

0 

5 

7 

5 

14 

5 

21 

5 

28 

5 

33 

5 

39 

5 

44 

5 

48 

5 

52 

5. 

55 

5 

58 

6 

0 

6 

1 

6 

2 

6 

2 

6 

2 

6 

1 

5 

59 

5 

57 

• 



5 50 

5 04.(5 
5 2'4si 

5 SI 


5 24 
5|17 
5^ 9 
5^ 1 
4 53 


4 12 
4 1 


3 11 
2 57 


I 57 
1 41 


0 23 
0o42 

1 Pf‘21 
1 41 


2 §-21 

2 <41 
3? 1 

3 22 


3 42 

4 3 
4 24 
4 45 


5 26 

5 47 

6 8 
6 29 
6 SO 


7 11 
7 31 

7 52 

8 12 
8 33 


8 53 

9 13 
9 33 
9 52 

10 11 


October. I November. I Deoember. 


>■9 


iG 10 


10 24 
lOo 1 

gg-sr 
9^12 
8 47 


12 

0 

12 

5-27 

12 

<34 

12 

fS50 

13 

5 

13 

20 

13 

34 

13 

48 

14 

2 

14 

14 

14 

27 

14 

38 

14 

49 

15 

0 

15 

10 

15 

19 

15 

27 

15 

35 

15 

42 

15 

49 

15 

54 

16 

0 

16 

4 

16 

7 

16 

10 

16 

12 


5 2 


6 

5 

5 

37 

5 

8 

4 

39 



13 40 
13 24 
13 7 

12 49 
12 30 


12 11 
11 51 

11 30 
11 9 

10 47 


1 

10 


0 

10 

0 

•20 

0 

49 

1 

19 

1 

?49 

2 

|l8 

2 

947 

3 

16 

3 

45 
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EQUATION TAtl^ES. 


( HAP. XIT. 


A TMe the EqualUm Timv, shrtrin^ ftotr k a ClMk t-houU 
U fader or dower than the Sun, ever^ dtt^ tftke 1 lar, at Soon., 

The Second Year after Leap-year. 


S’ 

Jaimaiy. 

Fdnuary. 

Alarch. 

April. 

May. 

• 

June. 

p 

M. 

c. 

M. 

A 

> M. 

B 

M. a. 

X. 

a. 

M. a. 

rl 

4 

IS 

14 

6 

li! 

37 

.3 52 

3 

10 

2 .39 

2 

4r541 

llol:; 

1- • 

(^25 

3/-31 

.1 

^ 17 

2 r'.‘;o 

s 


8 » 

14gl9 

' l^Tiii 

.‘>1*16 

t • 

1 * 


2 r ‘JO 

4 

! 5 ^3U 

14P-25 

1J 

2 

• 3 

r-:ut , 

2 r\o 

5 

6 

3 

14 

29 

11 

14 

2 10 

*> 

.o; 

2 0 

K 

6 

SO 

14 

33 

It 

30 

4> 

'i 

11 

1 19 i 

7 

8 

6 s»56 

7|ai 

14 

14 

^.3ii 

ISH 

11 

11 

gil5 
^ 0 

2-j 5 

I ^ 18 

«> 

5 19 

i £-.,S 

1 % 27 

E 

7 

?46 

14:<‘40 

10 

n45 

1 r 31 

3 

? 53 

1 1 

i 

8 

10 

14 

41 

10 

29 

1 11 

3 

56 

1 1 

11 

8 

34 

11 

41 

10 

13 

0 58 

.i 

58 

0 52 

12 

8 

58 

14 

40 

9 

56 

0 42 

3 

59 

0 .{9 

IS 

9 

20 

11 

3H 

9 

40 

0 26 

4 

0 

0 27 

14 

9 

42 

11 

36 

9 

23 

0 11 

4 

1 

0 l.> 

15 

10 

3 

14 

3J 

9 

6 

0 *4 

4 

1 

0 2 

16 

10 

24 

14 

29 

8 

48 

0 19 

4 

0 

0 •!! 

17 

10 

44 

14 

24 

8 

.30 

0 ^33 

3 

59 

0n24 

18 

11 

3 

14 

19 

8 

12 

0g47 

3 

57 


19 

11 

21 

14 

13 

7 

54 

I rr 1 

3 

55 


m 

11 

39 

14 

6 

7 

36 

I 14 

3 

52 

1 2 

21 

11 

55 

13 

59 

7 

18 

I 27 

3 

49 

. 1 15 

22 

12 

11 

IS 

51 

6 

59 

12-40 

S 

45 

ir.28 

2S 

12 

27 

IS 

42 

6 

41 

1 $52 

3 

40 

»|41 

24 

12 

41 

IS 

32 

6 

22 

2^ S 

3 

35 

1 ::<5S 

25 

12 

54 

13 

22 

6 

3 

2 14 

S 

30 

2 6 

26 

IS 

7 

IS 

12 

5 

44 

2 25 

3 

24 

2 18 

27 

IS 

19 

IS 

1 

5 

26 

2 35 

3 

18 

2 SI 

28 

IS 

30 

12 

49 

5 

7 

2 45 

3 

11 

2 4S 


IS 

40 



4 

48 

2 54 

S 

4 

2 55 

ft? 

IS 

49 



4 

29 

3 2 

2 

56 

S 7 

a 


IS 

58 


4 

11 


S 

48 

r 
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CH. XIV, 


rOUA^lOM TAtliXS. 
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A Table of the Kipiation of Time, sheming hon much a Clock should 
' beJaster or slowet than the Sun, every day ef the Year, at Xoon. 

The ^E< OUD Year after Leap-year. 


AugukU 


October. I Xovembcfc I DicCmber. 


1 IS 

1- srsys 

i la 
i 5i 


i 59 
5 7 

5» n 
5 ai 
i5| 5 as 

5 34, 

7 5 39 

8 5 44 

5 48 
5 53 


5 55 
5 57 
5 59 


5 51 
5 /-s48 
5 r4.s 
5 «*jl8 
5 33 


5 37 

5 jr-so 

5 A13 
5? 5 
4 5U 


1- 47 
4 38 

4 38 
4 17 

4 5 


3 54 

3 41 
3 38 
3 15 
3 1 


3 47 

2 S3 
2 16 

3 1 

1 45 


5 5S 


0 *0 




10 35 
10-^44 
11^2 

11 rrao 

11 38 

16 13 

l6ol3 
161*12 
ibf^ll 
16 9 

11 

55 

16 


12|.12 

l6& 3 

13|28 

151,58 

12^ 44 

15^53 

13 

0 

15 

47 

13 

15 

15 

40 

13 

29 

15 

33 

13 

43 

15 

23 

13 

57 

15 

13 

14 

10 

15 

3 

14 

23 

14 

53 

14 

35 

14 

40 

14 

46 

14 

28 

14 

57 

14 

14 

15 

7 

13 

59 

15 

16 

13 

44 

15 

25 

13 

28 

15 

33 

13 

11 

15 

41 

12 

54 

15 

47 

12 

35 

15 

53 

IS 

16 

15 

59 

11 

56 

16 

3 

11 

35 

16 

7 

11 

14 

16 

9 

10 

52 

16 

11 



10 39 
lOn 6 
91*43 
9^17 
8 53 


8 36 
8£. 0 
7 135 

f a 
i *;t 1) 

6 39 


6 11 
5 43 
5 14 

4 45 
4 26 


3 47 
3 18 
2 48 
2 18 
1 48 


1 18 
0 48 
0 18 
0 *11 
0 41 


1 11 
1 Bs41 
2|ll 
2?40 


8 38 
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CH. xir. 


A TMe of the Mlqu at ioo Time, ehewing how much a Clock should 
be faster or shmer Uum the Sum, eveiy daif of the Year, trt Noon.' 

The Third Year after Leap-year. 

















































«'H. XIV. 


‘feOITATIOII YAillM. 


1S5 


4 Table of Ike Equation ^ Time, themngham rnucA a Chdc ehould 
Ufaater or dower than the San, every Day ^ the Year, at Noon. 

The Third Year after Leap-Year. 


September. 

October. 

November. 

Deoember. 


3 17 
3oS8 

sl 4 1 


m 


4 

49 

4 

57 

5 

S 

5 

12 

5 

19 

5 

25 

5 

SI 

5 

S7 

5 

42 

5 

46 

S' 

50 

S 

5S 

5 

56 

5 

59 

6 

0 

6 

1 

6 

•3 

6 

S 

6 

S 

6 

1 

• 5 

59 


5 5S 

5 050 
5 a 45 
5^41 

5 35 

5 

29 

5g»22 

5|15 

5? 7 

4 

58 

4 

49 

4 

40 

4 

29 

4 

19 

4 

8 

S 

56 

S 

43 

s 

31 

s 

17 

3 

4 

S 

50 

2 

35 

2 

20 

2 

5 

1 

49 

1 

S3 

1 

16 

0 

59 

0 

41 


5 1 
S S 

5 5 

6 1 


11 

51 

12 2. 8 

I 3 I 25 

12 

41 

12 ' 

57 

13 

12 

13 

27 

13 

41 

13 

55 

14 

8 

14 

21 

14 

S3 

14 

44 

14 

55 

15 

5 

15 

15 

15 

23 

15 

32 

15 

39 

IS 

46 

15 

52 

15 

57 

16 

1 

16 

5 

16 

8 

16 

11 


16 12 
]6ni5 
l6sis 
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S«VAT10N TABLXS. 
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A Condse EquaHon TaMe, adapted 0 the tecond Year qften 
Leap-Yeary and within a Minute qf the Truth Jbr every 
Year; shewinff, to the nearest JvU Minute^ how much a 
Clatk should Jaster or dower thqn the Sun By' Mi . 
SmaAToa, 



Thin taUe is nesr enough for regulating common clocks and 
watdies. It mi^ be easily copied by the pen, and bebg 
doubled, may be put into a pocket4>ook. 






























CHAP. XV. 


THE moon's SIinrACE 1IOVNTAINOV8—‘HEK PHASE! SESCMIEB 
—HEB PATH, AND THE PATHS OF JUPITEB's MOONS DSl.I>f 
• NKATED->THK PBOPOBTIONS OF THE DXAMZTEBS OF THEIE 
ORBITS, AND THOSE OF SATURN's MOONS, TO EACH OTHER i 
AND TO TUB DIAMETER OF THE SUN. 

252. Bv looking at the Moon with on ordinary te. Bfoon's 
Jescope, we perceive that her surface is divermfied miftee* 
with long tracts of jjrodigious high mountfuns and 
deep cavities. Some of her mountains, by comparing their 
height nith her diameter (which is 2180 miles), are found to 
be three times higher than the highest hills on our Earth.* 
Thi«> ruggedness of the Moon’s surfks is of great use to us, 
by reflecting the Sun's light to all sides; for if the Moon were 
smooth and polished like a looking-glass, or covered with 
iiater, she could never distribute the Sun's light all around; 
<inly in some jxisitions she would shew us his image, no bigger 
than a (xant, but with such a lustre as would be hurtful to 
our c> es. • 

258. The Moon's .surface being so uneven, many have won¬ 
dered why her edge does not appear jagged, as well as the curve 
bounding the light and dark places. But if we consider, that 
what M-e call the edge of the Moon's disc is not a 
single line set round with mountains, in which case mppeuonfaet 
It would appear irregularly indented, but a large 
zone having many mountains lying behind one another from 
the observer's eye, we shall find that the mountains in soma 
rows will he opposite to the vales in others; and so fill up the 
inequalities as to make her appear quite round: just as when 
one looks at an orange, although its roughness be v&ry discern. , 
ible on the side next die eye, especially if the Sun or a eandle 

‘ It appean from the t^bsenrationR of Schraeter, that the hei^t of ZieihiAe, ana 
of (he higheat tnovhtaiiM In the Moon, doei not exceed 94,700 fiMt. Cimier«fa» 
^he IiigheM mounUin on our Earth, is fully 19,200 feet; w> tbit flw bigbea huac 
mountains’ate scatecly 1) times h^wr than the highest on our globa See As 
Bupplcmentar} (iwptcr on Etf. 
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IM ownukUQUM'^nuMMu, 

obliqiidj on that lide^ yil the fine tensinadng the \inhlc 
part ■&]! i^pean imeoth and even. 

Tha M**" ^ «ifigfaten that half of 

h^M twi- the Earth whidi is at any moment turned towardb 
him, and being withdraam from the oppobite half, 


l«ht. 


leave! it in dtricncss; solie lUtewiie doth to the Moon: only with 
this dHTemce, that the Earth, being aurrounded by an atmos- 
|diere, and the Moon liavtng none (See p. 19, Note S), wc 
have twilight after the Sun seto; but the luuar inhalutants 
have an immediate transition from the brightebt siin.bhinc to 
the blackest darkness, § 177. For, let trJc»ic Ik* the Earth, 
Fhto VIL and B, C, A A F, G, H, the Moon in eight 
b diftbrmit parts of her orbit; os the Earth tumt round 
its axis, from vrest to east, vdien any place comes to if, the twi- 
fi^t begins there, and when it revolves from thence to r, die 
Sun S rises; when the place comes to a the Sun sets, and % hen 
it comes to zv the tvdlight ends. But as die Moon turns round 
her axis, which is only once a month, the iiiuuieiit that any 
point of her surfisce comes to r (See the liloon at Cr), the Sun 
rises there without any previous warning by twilight;^ and 
when the same pmnt comes to .9 the Sun sets, and that [loiut 
goes into darkness as black as at midnight. 

The Mooa*i The Moon licing an opaque spherical body 

" ■ (for her hills take off no more from her roundness 
than the inequalities on the surface of an orange take off 
from its roundness), wc can only see that part of the enlighten¬ 
ed half of her which is towards the Earth. And, therefore, 
when the Moon is at A, in conjunction with the Sun S, h«* 
dark half is towards the Earth, and slie disappears as at a, 
there being no light on that half to render it virihle. When 
die comes to her first octant at B, or has gone an eighth jiarl of 
her orbit from "her conjunction, a quarter of her enlightened 
side is seen towards the Earth, and she appears horned, as at 6. 


* If At Mood had a twilight, it it cridant that the portani of ihe obscure pun of 
her diae whidi is immediiildj eontiguous to the cnligliteiicd port, should be lifter 
dtto snjr odier portion of Ae dark hemisphere; aud sinee the twilight is alwaj* 
gmater at Ac pite than at the equator, tMs fdnt light, bordering on the line wlurh 
V—Ae vUUa hamieplMare, should be more peroepuble at Ae poles dian at Ae 
oqUHlMr. M. Sdnoctar has actually discovered a faint border of grey light at Ae 
sf Ae Moon, and has Aus proved Ae existence of a twili^t, and oonaequent- 
ly flf «D atowsphaR in As Moon. .Sea Ae aupplementary duster on Sdeno- 
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OT ram nuMwa* M 

When has gone « quarter of her oAk fiom batvecD the 
^artli and Sun to C, afaie shews us one half of her enlightened 
nde, as at r, and we say she is » quarter old. At D die is in 
her second octant, and by diewing us more of her enhghtened 
nde she appears gibbous, as at d At JE7 her whole enlightened 
side is towards the Earth, and thareftnw she appears round, as 
at r, when we say, it in full Moon. In her third octant at JF*, 
«part of her dark nde being towards the Earth, she again 
pears gibbous, and is oq the decrease, as at ^ At G we just 
see one half of her enlightened side, and she appears half de¬ 
creased, or in her third quarter, as at g*. At JET We only see a 
quarter of her enlightened nde, bang in her fourth octant, 
where she appears homed, as at h. And at A, having com¬ 
pleted her course from the Sun to the Sun again, she disap¬ 
pears ; and we say it is new Moon. Thus, in genng from A to 
£, the Moon seems continually to increase; and in going from 
£ to A, to dccrea.se in the same proportion; having like phases 
at equal distances from A to E, but as seen from the Sun S, 
she IS always full. 

S56. The Moon appears not perfectly round when The Mood's 
she is full in Uie highest or lowest part of her orbit, not tl- 
hccauw ^^e ha\c not a full view of her enlightened 
side at that time. Wlicn full in the highest part of ^ 
her orbit, a small deficiency appears ou her lower edge; and 
the contrary when full in the lowest jiort of her orbit. 

iio7. It is plain by tlie figure, that when the ph«,et 
Moon changes to the Earth, the Earth appears full of the'^Eaith 
to the ISItHMi; and vice verm. For when the Moon “d Mnon 

_ CXHluftTVo 

IS at A^ ncto to the Eartli, the whole enlightened 
side of the Earth is towards the Moon; and when the Moon 
IS at EiJnU to the Earth, its dark side is towards her. Hence 
a new Moon answers to a Earthy and nJvSL Moon to a 
new Earth. The ^arUre are also reversed to each other. 

*238. Between the third quarter and change, Ani^tneBble 
the Moon is frequently visible in the forenocm pho>«®enoa. 
e\en when the Sun shines; and then she affords us an oppm*- 
tunity of seeing a very agreeable appearance, wherever we find 
a gUdiular stone above the level of the eye, as suppose cm the 
top of a gate. For, if the Sun shines on the stone, and we 
place cKirschcs so that the upper part of the stone may just 
seem to touch the pwnt of the Moon's lowermost horn, we shall 
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ir ntt'iktfiMi'i niAsxfi. 


t!iXD%ee the enHghulHd {Murl of Che etone exactly of the saiAe 
aluipe with the Modtd, h(»ii 0 d<^ ahe ia, and inclined the mmc 
way to the hoiiaxia. The reaaon ia plain; for the Sun enlight¬ 
ens the stone the same way as he does the Moon; and both 
being globe8» when we put ourselves into the almve situation, 
the Moon and stone have the same poeition to our eu‘s;^ and, 
therefore, we must sec as mudi of the*t(luiiunatod |)art of the 
one aa of the other. 

The nonage- position of the liloon's cusps, t*r a right 

riroal degree, line touching the poiiits of luT horns, is very difier- 
ently inclined to the horison iil diffen*nt h-uirs of tlie 
same days of her age. Sometimes she stands, as it were, up¬ 
right on her lower horn, and then such a line is {»er)>(,n(!ieular 
to the horiaon; when this happens, siie is in what the astronomers 
call the Nonagestmal Degree; which is the highest pcsiiit of the 
ecliptic above the horizon at that time, and is 90"' from Ixith 
fades of the horizon vdiere it is then cut hv the t\liptie Rut 
this never hapfiens when the Afooii is on the nierithaii, except 
when die is at the very beginning of ('aiieer or C.ipneorn. 

260. The inclination of that imrt of the whutic to 

of* the horizon in which the Mtxm is at any time' vheii 

tbe ecUptir hcHTied, may be known by the]K>sition of her horns; 

^^the fo** ® r*#?ht line touching their {xiints is jieqKMulieiilar 

tian of the jq the ecliptic. And as the angle whieli the Mtxiirs 
Mooq’b horns , . i i i- • • 

oniit nuikes uiifi the ecliptic can ncier raise lier 

^hove, nor depress her IkIow the elliptic, more than 2 minutes 

of a degree, as seen from the Sun; it can have no sensible effect 

upon the podtion of her horns. Therefore, if a quadrant lie 

held up, to that one of its edges may seem to touch the Moon's 

horns, the graduated side being kept towards the eye, and as 

for from the eye as it can he conveniently held, the arc between 

the pluml>-line and that edge of the quadrant which seems to 

toui^ the Moon's horns will shew the inclination of that part of 

the ecliptic to the horizon. And the arc between the other edge 

of the i|U8drant and plumb-line will shew the inclination of* a 

line, touchmg the Moon'f horns, to the horizon. 

nateVII * Moon generally appears as large as 

Fig. 1. the Sun; for the angle v k Ay under which tlic 

Moon is seen from the Earth, is the same with 

ftmm^ the angle L k My under which the Sun is seen 

^ (to Sub. therefore the Moon may hide the 
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Sun's whole disc from., us, does in miw 

V^ipses. The reason wbj l h p | »Wj > B% i s <lhfc -Smt jt 
^erv changp, will be etylaMudMill^^ If die Moor 
wert^ iarthcr rnm the £i|ith» as lit s4 die would never hide 
the whole of'the Sun i|b; Ibr then she would appesr 
under the angle IfkOt edipsiiig onlyithfrt part of the fihra. 
which lies between N and O: were die still further hrostt. die 
J'Harth, as at X, die would' appear, under the small aqg^ 
Tk IVf like a spot on the Sun, hiding vitailj the part TW 
Ifom our ught 

262. That the Moon turns round her. axis Ukthe 

time that she goes round her orbit, is quite demon- Moon’s ton. 
vtrable; fiw a spectator at rest, without the peripheiy »|^^«"wdhcr 
of the Moon's orliit,^ would see all her sides turned 
regiilariy towards him in that time. She turns round her axis 
fioin any star to the same star again in 27 days 8 hours; from 
the Sun to the Sun again in 29} days: the former is the length 
of lu‘r .s\ dereal day, and the latter the length of her solar day. 
A body mo^ ing round the Sun would have a solar day in every 
resolution, w iihout turning on its axis; the same as if it had kept 
.ill the i\hile at rest, and the Snn moved round it: but without 
runiing round its axn it could never have one syd^al day, 
liecatiiic It would always keep the same side towards any given 
star. 

263. If the ]''arth had no annual motion, the Mocm perfodi- 
would go round it so as to romplete a lunation, a cU and cyqo- 
sydereal, and a solar day, all in the same Ume. But, iwotu* 
liccause the Earth goes forward in its orbit, while the 

Moon goes roupd the Earth in her orbit, the Mocm must go as 
much mmre than round her orttt from change to change in com¬ 
pleting a day, as the Earth has gone forward in its orbit 
during thafllSme, f. e. almost a twelfth part c£ a circle. * 

264. The Moon's periodical and syn^cal revolu- ipamoiailf 
tion may be familiailjj[ rqiresented by the motioos wp*®^***- 
of the hour mid roinnte-hands of a watch round its dia)-plate, 
which is divided mto 12 equal parts o^ hours, as the ediptic is 
divided into 12 signs, and the year into 12 numtha Let us 
suppo.se these 12 hours to be 12 signs, the hour-hand the Sun, 
and the minute-hand the Moon, tlien the former wUl go lonnd 
once in a year, and the latter once in a nipnth: but the Moon^ 
or minute-luipd, must go miMo ,than round any p^t of 

TOI.. I. M ♦ 
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tile drrfew|igpeItwifli the Son, or hourJiaud, 
to overtifci# being ill motion, cap 

never be ov^^lalMel^lAleahlutoNli^^ at that point from whifh 
they started at their Jast coisjunetion. The fint column ot the 
feUnwing table, shews the niimlii^ ef conjunctions wliich the 
IWMr aiut laillute-hand make wUlst the hour-hand goes once 
xound the dial-plate; and the atberp>oolumnD shew the times 
nhoa tbs two hands meet at each otHtjuncUon. Titus, suppou 
the two hands to be in conjunction at xii, as they alnax^ are; 
tben, at the first fedWing conjunction it n» 5 mihutes 27 bccouib 
16 thirds 21 fourths 49i\ fifths paht i, where they meet; at 
dbe second conjunction it is It) uiiniites 54 seconds iiJ thirds 43 
fourths S8|\ fifths past ii; and ^ on. This, tlioiigli an cms\ 
illustration of the motioii!» of the Sun and Moon, is nut pu'cist' 
as to the tiincs of their cui\junctions; b<'cnu<<>, wuilt tin 'ouii 
goes round the ecliptic, the Muon makes 12^ tuninmtiuus with 
him; but the minute-hand of a watih or clock innkes onK 11 
oonjunctions with the hour-hand in'one ]K*nod round ilu diti- 
plate. But if, instead of the couniion wheel-woik at tla hitk 
of the duJ-plate, the axis of the miiuitc-huud iijil a pinion t>t (> 
leaves turning a wheel of 74, and thi.s last luninia tiu* houi- 
hand, in every rex’olutioB it makes round the dial-platt' the 
minute-hand would make 121 coiijunctiuns with it, and so 
would bc‘ a pretty device fi>r shewing the motions ot the 
Sun and Moon; especially, « the slowest moxiiig hand 
miglit haxc a little sun fixed on its point, and the quickest a 
little moon. 

Ji Table thereinff the iinte^^ai the Ittntr and minute hands 
watch are 4n conjunction i 
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• 265 . If the Earth had ^ «n» w «. 

Moon's motion round Ae EiWlhii^M IKiMh tpl mmSS 
open space, would be alwayu Ae ' But aa the g* 

Earth and Mcxhi move roitiid the EtA, die Moon's 
real path in the heavens is vsiy d^IhreBt from her visible path 
round^ the Earth: the lattmr bdpg in a piogresrav^ ciltle, and 
the former in a curve o 5 dEfecent d0g|im of oouoavity, whidk 
would always be the same in the mme jj^rts of the heaveii% 
if the Moon perfbrmed a complete nuimr of lunutieBi in n 
year without any fracticpi. * 

S66. Let a nail in the end of the axle of a diaricA ^ 
wheel represent die Earth, and a pin in the nave the Eanfa^ 
IM(M)n; if the body of the chariot be propped up M 
as M» * er]i that v'heel from touching the gfOUiid, 

.11) I ih< wlK>el lie then turned round by hand, thepin wiUde* 
seril)o a cirele both round the nail, and .in the space it ^Aovts 
tluc.t^h Hut li the pi ops be taken away, the horses pot toy 
.111(1 *'ii ihuiot driven o\or a piece of ground which is drcu« 
1,11 K (.ou\i\, the ndil in the axle will describe a drcular curve, 
and tile pm m tht nave nill still describe a cirdcround the pro- 
i>ressi\e nail m the axle, but not in the space through whidi it 
iiioMs. In this case, the curve described by the nml will re- 
scnilile in nimi.ilure as niudi of the Earth's annual path round 
tlie *^1111, ns It describes whilst the Moon goes as ofl^ round 
the E.arth as the pin does round the nail: and the curve de¬ 
scribed by the nail will have some resemblance the Moon's 
path during so many lunations. 

Let us now suppose that the radios of the drcular curve de¬ 
scribed by die ndl la the axle, is to the radius of the drde, 
which the pin in the nave describea rwind the axle^ as 387 } to 
1; which is the propoiticHi of the radius at seraidia* jnas.VlL 
meter of the Earth's orbit to that of the Moon^; or 
of the circulw curve .dl 284667 B, Sm. tpthe KtUe drde 
a, and then, whilst dug progressive naU deeeribes Ute sdd curve 
from J to£,ihe pin will go once round the nail wiA regard to 
the centre of its psA, and in so doh^vrUl deioribe the curve 
abode. The fomier will be a true rqiwwp t a do tt of the 

n ^ ' 

* In this fiscs, ifs tuj comtUer the orUto of all the s eMiUUS w dtcalsri dtb 
m^t to jfdatry ^aaets; beciiiae the esoentzichies af ttUr IMS 

Ahrttli |0 lAfli die Imm douribido 
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£titk*a Pith for the h^r of the Moon’* for 

6ut time. IXenrilNM Jh® ktoqualiticsof the Moon’s 

afiA nisp tfKVWfl round its* cnminon centre 

of gravity and the Mean’s: aU nhich, if they were truly copied 
in this fpi^etiliienty would not leiiahly alter the hgure of the 
paths d as ci ^ted by the svl and pin* even though they should 
rub *g^**** a pl«un upti^^t surface all the way, and leave their 
teoftta iridUe upon And if the chanot was driven forward 
on such 0 convex of ground, so as to turn the wliecl se- 
vifal tiaies sound, the track of the pin in the nave would still 
be concave toward the centre of the circular curse ‘described by 
the pin in the axle; as the Moon’s path ts/dways concaie to tlie 
Sun in the centre of the Karth’a annual (wbit. 

In this HlagtMff , the thickcbt* curve line ABCDK, vith the 
numeral figures bet to it, reprew-nts as much oi the lituih^ 
amitittl orbit ab it describe** in 32 dais iioin Mi**! to caM . the 
httle drcles at a, 6, c, d* i, bliew the Mcnm’** t)rhit in dm pro¬ 
portion to the Earth’b; and the binallest cum ahuhj u- 
presents tlie line of the Moon’s pith ni the heavens lor .‘W ilai s, 
accounted from any particular ne» Moon, at« i he machine, 
Phtt VI? Fig. 5, w for delineating tluj Moon’s jiath, and ill bi‘ 
Fig. 5. described, a ith the rcstol ni> aslionomical inaihi- 
nery, in the last chapter. The Sun is supposed to hi in the <en- 
tre of tlie carve ^ 12 3 4 5 6 7 itc. and the small dotted til¬ 
des upon It represent the Moon’s orbit, ol iihicli the 
radius is in the same proiiortion to the Eaith’s paUi 
orbrt to in this scheme, that llie radius of the Moon's orbit 
*■ in the heavens bears to jhe radius of the Earth’s an¬ 
nual path round the Sun: that is, as 24^^,000 to 81,000,000, 


or as 1 to 3SJJ. j • * 1 . 

Wheisihe Earth is at J, the new Moon is at oi and ui the 
7 days that the ^artb describes the curve 12 3 4 
S0 7j the Moon in accompanying the Earth describes 

tlwcurwaJ; .nd i. in her fint quarter 4 »hc» the Eai^i* 

atA AatheEarthdeMribeethceurreASQlOllWlSH, 

the Moon deasribee the curve4 c; and » 4t c,op^te tt^the 
Sun, when the Earth » a C. WMrt the Earth deaabe. the 
curve C15 161718 W SO 81S8, the MuondeicnbeMte tarm 
edi andninher third quarter a d 

Ah4 latiy, whiSt the Bath deaenba die curve A *8 8* 86 *0 
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27 98 29, the Moon desoibetf tb» 0 ,* and iB Bgam in 
conjunction at f with th6 Stm at JS^ between 

the SOth and 30th day of theHbdill age, accounted by Ihe 
numeral figures from new Momrat Jf. In dewailni^ the 
curve a 5 r df r, the Moon goea nnind the {nogreseive Earth aa 
really/as if she had kept in the dotted’^ circle if, and the Earth 
continued immoveable in die centre of that ciide. 

And thus we sQp, that although the Mom goea ’nteMom'k 
round the Earth in acirdie, with respecttOlfieEarth'a 
centre, her n*al patli ih the heavens is not veiy dif^ toSadrST 
ferent in appearance from the Earth's path. To 
shew that the Mom's path is concave to the Sun, even at the 
time of change, it is carried ona little farther intoaseoond luna¬ 
tion, .ns to^^ 

287 The Moon's absolute motion from her change to her 
first qii.irtor, or horn a to 6, is so much dower than the Earth's^ 
that she tails S 10,000 miles (equal to the semidiameter of her 
orbit) hilund the Earth at her first quarter in 6, when the Earth 
IS m //, (hit is, she falls hack a space equal to her distance 
from the Ikirth From that time her motion is gradually ac« 
lekrated to her opposition or full at c, and then die How her mo. 
IS eomc up ns far as tlie Earth, having regained what *>‘® ***«- 
she i»»‘t in her first quarter fi^m a to b. From the 
full to the 1 ist quarter at d her motion continues ac- Je«*ed. 
cell rated, so as to be just as far before the Earth atd, as she 
was behind it at her first quarter in h. But, from d to c her 
motim IS so retarded, that she loses as much with respect to the 
F.arth as is equal to her distance from it, or to thesemidiainetcr 
of her orbit; and by that means she comes to c, and is then in 
conjunction with the Sun aa seen from the Earth at E, Hence we 
find, that the Moon's absolute mo&m is slower than the Earth's 
from her third quarter to her firstf and swifter than the Earth's 
hervfirst quarter to her third: her path being less curved 
than the Earth's in the former case, and more in the latter. 
Yet it is afill bent the same way towards the Sun; for if we 
imagine die concavity of \he Earth^i oilnt to be measured 1^ 
the length of a perpendicuiar line €g, let down ftom the 
Earfti's place upon the straight line bffd alt the full of the 
Moon, and connetting the places of the Earth at the end of 
the Mom's first and third quarters, that length will be about 
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•IO,OW wSkn -|«t% Maim, vlieii neii', onlv approachiAg 
anver to miin tiuui the Karth i., the 

of dw ^aljpeiMKciiIir let dbiwn from her place at that 
tiii^ Hpoii the Battle atmlght line/and which shews the cuneo* 
*ity of tfttit pait of her path, will he alwut 400,000 miles. 

A mMIlr* Moon's patli being concoM* to thy Sun 

throughout, demonstrates that her gravity towanls 
the Sjun, «t her conjunedon, exceeds her gra\ ity towards tht 
Earth. % And if we eoUsider that tlie quantity of matter in the 
Sun it libiioit 230,000 times as great as the quantity of matter 
in the Earth, and diat the attraction of each body diminishes 
ts the square of the distance from it increases, we shall s(K>n 
find, that the pdint of i'C|ua} attraction between the Karth and 
the Sun is about 70,000 miles nearer the Earth than the MiNin 
ia at her change. Jt may then ap{N^r surprimng tlut tlie 
Moon does not alumdon the Earth when she is lietvt'eii it and 
the Sun, because is considerably more attruetiHl In tlie Min 
than by the Barth at that time. Hut tins difiic iilu xanishes 
when we conader that a common impulse on unv s\stein ot 
bodies affects not their re]ad\c motions; but that tiie\ will eon* 
liBue to attrict, impel, or drculale round one another, in tin 
same manner as if there was no sueh impul^e The Moon is 
BO near the Barth, and both of them so far Ironi the Sun, that 
the attractive pow'cr of the Sun nmy he considered as eipial on 
both: and therefore the Moon will continue to circulate round 
the Barth in the same mipiner as if the Sun did not attract 
them at aU; like bodieb in the calnn of a diip, whieh may 
move round or impel one another in the same manner when the 
ship M under sail, as when it is at rest; because they are all 
equally affected by the onnmbn motion eff the diip. If by any 
odier cauBe^ such as the netfiqiproadi of a emnet, the Moon's 
distaiuse fipom thoEarth shomU happen to be bo much increased, 
that the difference of th«r gravitating forces towards the Stin 
diould exceed that ci the Moon towards the Em'th; in that 
case the Moon, when in t^junetionyWould fbandoifthe Earth, 
and be either, dnwn into the Sun, o/comet, or circulate round 
about it. 

269. eurvfs which Jupiter's satdKtes describe ore kll of 
gliie Yll. ^bflbrent sorts from the path desofibed our Moon, 
although these satellites go round Jupiter, as the 
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Moon goes round the Earth. ABQX^ &c.'be asmuch 

of Jupiter's orbit as he de8cribet,iii <1$ 4a^ fum A to T; and 
the curves a, b, r, d, will bttdie palfaa of his four Qiooiis goii^ 
round him in his progrearave moticiii. 

Let us ^upposc all these moons tojs^ out foom a Tlie SbMlote 
conjunction with the Sun, as seen foom Jupiter at 
A; then hi^ Hrst or nearest mocm will be at a, lus toii{ta« ddi> 
second at 6, his third at r, and his fourth at dL At 
the end of 24 terrestrial hours after tlj^ ooojunction, Jupiter 
h&s moved to B, liis first moon or satellite has described the 
cur\'e a 1, hjs seconb the curve d 1, his third c 1, and his fourth 
d 1. The next day^^^when Jupiter is at C, his first satellite has 
described the curve a 2, from its conjunction, his second the 
curve 6 2, bis third the curve t 2, and his fourth the curve 
and so on ' The miineral figures under the capital letters shew 
Jiipiter’s ])lace in his ymth every day for 18 days, accounted from 
A hi T; and tlic like figures set to the paths of his satellites, 
.shew wliere tluy are at the like times. The first aatelUte, al¬ 
most under C, is stationary at + os seen from the Sun, and 
retrograde from 4- to 2: at 2 it appears stationary agmn, and 
thence it moves forward until it has passed 3, and is twice sta¬ 
tionary, and once retrograde between 3 and 4. The path of 
this satelhte iiitersctls itsjf every 42^ hours, making such loops 
as in the duigrani at 2. 3. 5. 7. 9- 10.12. 14. 16. 18. a litde 
after every conjunction. The second satellite5, moving slow'er, 
bareiv crosses its* path every 3 days 13 houis; as at 4. 7. 11. 
1L 18. making only 5 loops and as many conjunctions in the 
time that the first makes ten. The third satellite c moving still 
blower, and having described tl^ curve c 1. 2. 3. 4. 5. 6. 7. 
comes to an angle at 7 ifi conjunction with foe Sun ^ 
i^t the end of 7 days 4 hours; and so goes on to 
describe such another curve 7. 8b 9.10.11.12. IS. 14. and is 
at 14 in its next conjunction. The fourth satellite d is always 
progressive, making neither loops nor angles in the heavens; 
but comes to its next conjunction at e, between the numeral 
16 and 17, or in 16 days 18 hours. In order to have 
tolerable good figure of the paths of these satellites, I took 
f^e/ediowing mctbixi. ^ 

Having drawn their orbits on a card, in jffopor- 
tion to their relative distances from Jupiter, I mco. 
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sured the ndiua odxt of the fourth satellite) which was 
Bov to adi. BO iadi t^sV ^ « I multiplied 

^ this Igr 4(24 for the radios of Jupiter's orbit, because 
Stt|iher*s Ju|UteT is 424 times ss far firoin the Sun's centre as 
Momn. • gateliite is from hU centre, and the pro¬ 

duct thenoe Biisi^ was 4^iVs M>ches. Then taking small 
cord of tins length, and fixing one cnd^of tt to the ficmr of a 
loDB ^ hloek-leod pencil at the otlier end. 

^ 1 drew the eurve ABCD, tea, and off a degrtv 

and half thereon, from A to T; bucaube, J upiter 
moves mtly so much, whilst his outermos) satellite gocb once 
nnind him, and somewhat more ; so thaV tins small {xirlion oi 
so large a circle differs but very Utile from a straight line 
This done, I divided tlm space AT into 18 I'qual (Kirts, as Ali, 
BC, &c. for the daily progress of Jupiter, and each pait into 
24 for his hourly progress. The orbit ui eaib satellite was aUo 
divided into as many equal parts us the satellite i*. lioiii^ in 11- 
nisfaing its synodical period round JupiUr. 'J'lun diawing a 
right line through the centre (d* the card, as :i diameter to .dl 
the four orbits u|XHi it, 1 put the curd ujxMithelnu oi Jupiui's 
motion, and transferred it to cverv burarv dnision then on, 
keeping alw’a}s the same diameter line on the line of Jupitii's 
path; and running a pin through eac'li hurarv division in tiie 
orbit of each satellite, as die cord was gradu.dl> iraiisierud 
aiemg the line ABCD, &c. ot‘Jujnters motion, I inarki'd ])uints 
for every hcHir thiough the card for the curved described h> the 
satellites, as the primary planet in the centre of the curd was 
carried fisrword on the line; and so finiiJied the figure, by 
dvawing the lines of each 8<|te}Utc's motion through those (al- 
most iimumerablf) points; by whicli Vneans this is, |ierliaps, as 
true a figure of the paths iff these satellites as can be desired. 
And Sw ^ ^ same manner might Uiosc of Saturn'^ 

satellites be delineated. 

The gnnd appears by the scheme, that the throe first 

pe^ofJn- satellites oane almost into the same line iff position 
pter’fmoons. seventh day; the first bc^ only a litHe 
hind with the second, and the second behind with the thiraF 
But the perlpd of the fourth satellite is so incommensurate tp 
the periods of the other throe, that it cannot be guessed at by 
the diagram when it Would fall again into a line of oonjuiictioa 
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with them Itctwecn Jupiter and the 6titi. And no wonder'; 
Tor snpixisin^r them all to have been once in oonjunetion, it will 
mjuiro 3,0H7,013,49d»260 yiears to Ining them in oonjunedem 
atniiii. Sw S 73. 

^ tv ^ 

271. In Fig- 4, we have the proportibns of the or- propor. 
hits qfS«j;urn\ five hAtcllites, and of JupiteFs four to tfmii of the 
one anothe^ to our Mcxin's orWt, and to the dwe of the 

Sun. »S'is the Sun; Mm the Muon's othit i(die £arth atdiitee. 
siipi^ostHl to lie at E ); J Jupiter; 1. il^ 8« 4. the or- ^ 
bits of his four nioous or satellites; Sat. Saturn; and 1. 3. 4. 

5. the orhili of his nve naxins. Ilcncc^ it appears, that the Sun 
^wiulil iimeh more \ian fill the whole orbit of the Moon; for 
tin* Suifs diameter is 763,000 miles, and the diameter of the 
^VliKin's orbit only *W0,0(I0. lit |>foi)orlion to all these orbits 
<»1 the ‘•.itcllites, tlio radius of Saturn's annual orbit would be. 
21 j Mirds, of Jupiti'i-'s orbit 11^, and of the Earth's 2J, taking 
llieiii in round nunilKT'-. 

272. The .imn*\ed talile shells at once what proportion the 
orbit-), reMiliUions and veloeituss, of all the satellites bear to 
ibo'-e ol* tlu ir prunarj planets, and what sort of cun'cs the se- 
\eial ‘-.ili'llites dohcribe. b’or tbo.se satellites, whose velocities 
rouiul their priiuurles are greater than the vekx'ities of thiir pri- 
niarii-) in open space, make loops at their conjunctions, § 269; 
apjKaring retrograde as sc*en from the Sun whilst they describe 
(he inii‘ru>r parts of their orbits, and direct whilst they describe 
the su|H.'rior. This is the ease ^ith Jupiter's first and second 
satellites, and Mith Saturn's first. But those satellites, whose 
seWities are less than die velocities of their primary planets, 
mo\c direct in thrir whole circumvolutions; 'which is the case 
of the thinl and fourth satellites of Jupiter, And of the second, 
third, fourth, and fifth satellites of Saturn, as well as of our teo 
tcllitc the hloon; but the Moon is the only satellite whose mo¬ 
tion is always concave, to the Sun. 
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1 d 

As 5392 to 1 

4155 1 

> S954 1 

1995 1 

432 1 

As 5788 to 1 
8912 1 

2847 • 1 

674 1 

134 1 

As 5738 to 5322 
3912 . - 4’i5S 
2347* 2954 

674 1295 

' 134 432 

« 


As 1851 to 1 
1165 1 

731 1 

424 1 

As 2445 to 1 
1219 1 

604 7 

258 1 

Vs 2445 to 1851 
1219 1165 

604 731 

258 421 

The 

Moon. 

As 337^ to 1 

As 12} to 1 

As 12A to 3‘57i 


There ih a table of this sort in De la Caillo’s Astrononn, 
but it is 'very different from the above, winch 1 have com¬ 
puted from our Enj^hsli accounts of the iktukU and distances 
of the&e planets and satellites. 


CHAP. XVI. 

THE rHLKOMEHA OF THE HAKVisT MOOH EXFLAINED BY A 
COMMON CLOBX<>-THE Yl* SltS I\ WIIK H .THE HARM ST- 
MOOXB ABE LEAST AND MOST BENEFICIAL, FROM 1751 TO 
1861"-TIIK long DUUATIOK OF MOON-LIGHT AT lUE FOLAS 
IK WINTKE. 

jio Turn lilt ^ generally believed that the Moon rises 

Aloon 4tUie atmut SO minuets later every day Uuui on the pre- 
csedang; but this is true only with regard to p aces 
on the equator. In places of considerable latitude there is a re¬ 
markable difference, especially in the harvest tim^ with whqjh 
fiumers wore better acquaint^ than astronomers till of late; 
and gratefully ascribed the early rising of the full Moon at that 
time of the year to the goodncs<» of God, not dmibting that he 
Iiad ordered it so on purpose to g^ve them an immediate sup. 
|ily of moon-light afi» sun-set, for their greata oonveniency m 
reapii^ the fruits of the Earth. 
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* In tilts instance of the harvest mooAf as in- many others dis. 
covcrablc by astronomy, the wildoiii aod^beneti^ce the 
Drity is conspicuous, who redDy ordered the oourse oi' the 
Ulooii so as to^H'stow more or less .fight on alh parts of the 
FiurllK^ tlicir several circumstancesoodseasons render it more 
or les/st*svieeablc. Alx)ut the equator, where there is no va¬ 
riety of Hitihins, and the weather changes seldom, and at stated 
times, moon-ligh^ ih not necessary for gathering in the produce 
of the ground; ai^ there the Moon rises about 50 nunutes 
later every day or Wht than on the former., In considerable 
<iistanees from the muator, where the weather and seasons are 
more uncertain, the autumnal full Moons rise veiy soon after 
Aun.st*t for several evenings together. At the polar 
t‘in les, wl^Tc the n\jld season is of very short dura- ablearcord- 
lion, tile aLitiiinnal full Moon rises at sun-set from 
the first to the thiril (|uarter. And at the poles, placeafram 
VIhere the Sun is for half a year absent, flie winter 
full MiKiiis sliinc constantly witliout setting fium the first tb the 
liiird qiiaiter. 

It is s(}on said that all these iiheiiomcna are owing ThenaBoa 
to the ihffercnt an<;les made by the horizon and dif- 
ferint parts of the M(k>ii’s orbit; and that the Moon can be 
full but once or twice in a year, in tliose parts of her orbit 
which rise witli the least angles^ But to explain this subject 
intelligibly, wo must dwell much Icmgcr upon it 
S74. The* plane of the equinoctial is perpendicuho* to the 
£artii'.«i axis: mid therefore, as the Earth turns round its axu, 
all parts of the equinoctial make equal angles with the horizon 
both at rising and setting; so that equal portions of it always 
rise or set in equal times. Consequently, if the Moon's motion 
were equable, and in the equinoctial at the rate of 12 degrees 
11 minutes from the Sun every c(ay, as it is in her mrbit, she 
would rise and set 50 nunutes later every day than on the pre¬ 
ceding; for 12 degrees 11 minutes of the equinoctial rise or 
set in 50 minutes of time in all latitudes. 

275. But the Moon's motion is qp nearly in the ecliptic, that 
we may consider her at present as moving in it. Now the dif¬ 
ferent parts of the ectiptic, on account of its dliliquity to the 

’ Ifa globe be ent quite ditougb upon any dreb, the fiufine viim it kao 
diniM k tlwfibiw of that dfcku 
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'Barth's axis, make voy diilemit angles with the horizon as 
they rise or set. 3lioie ports or signs which rise with tlie small¬ 
est angles set with the greatest, and vice ver/ta. In equal times, 
whenevw thi# angle is least, a greater pirtimt of the ecliptic 
rises than when the angle is largiw; as nm}* be seen hy ^rlesat- 
mg the pole of a glolie to any considerable latitude, aind then 
turning it roimd Its axis in the Imri/oii. Consequent!), when 
the Moon is in those «gns which rise or set v«(th the smallest 
angles, she rises or sets with the lea^ differ ‘nee of time; and 
with the greattwt difference in tliose signs wjvfh rise or set with 
the grc*atest angles. 

Plate III. liecause all who read (his treatise nia\ not 

be proxided with gloln's, though in this e.-in* u is re¬ 
quisite to know hoxx to use them, we sh.dl subslituti tin. liguie 
of aglulic; in which/’/”/* is the axis, T R tin tmpu 
Cancer, L t the trtipic of Cajiruorn, zr K (’ tlu ulipiiL 
touching both the tropics, whuh aie 47 degiees from Ciuli 
other, and A B the lion/on The etpiatoi. being iii tlu niuitlle 
between the tropics, is cut b) the isliptie m two oppisitt piints. 


wihicli are the iK'ginnings of <■(> Aius :uk1 Libia , A is the 
hour-a’iilie with Its iiidtTt, A'the north pile of tlu gioln tie- 
vated to d considerable latitude, siip|xise H) degiees aboxt the 
honron; and /* the south pile dqmssetl as inucli bilow it 
Ikcause of the obii(]iie pisition of the sphere in this latitude, 
the ecliptic has the high c]ex<ition N cs aboxe the hon/on, 

Thcdifferetit angle N U as of 73J degrees with it, 

angles made when .223 Cunccr IS on the meridian, at which time 
b) UieuUptic ^ Ijhra rises in the cast. But let the glnlie lie 
turned hall round itaaxis, till Capncorii comes 
to the meridian, and fp Aries nses in the east, and then the 
eclifitic will hafsc the low elevation JV L above the horizon, 
making only an angle Nil Lei degrees with it; which is 
47 degrees less than the former on^e, equal tp the (hstance be- 
tween the tropes. 

J.cast and northern latitudes, the smallest angle made 

4 {TutMt by the ecliptic qnd horizem is when Aries rises, at 

whrn. which time Libra sets: the greatest when Libra 

rises, at which dme Aries sets. Brom the rismg of Aries to 
the nung of Lihra (which is twelve* sydercal hours), the angle 


f 

* The cdiptic, together widi the fixed atari, make 3Q8| ajiparaat dmniil revol«> 
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increases; and from the riiung of Libm to the rising of Aries 
it clccn‘ases in the some proportioD. By^is article and the 
preceding, it appears that the ecliptic rises ^test about Aries» 
and slowest about Libra. ^ 

279^ On (he janUlel of London, es much of tlie 
ecliptic >h(>s about Hsces and Aries in two hours as qatanty of 
the Mrx»ti gtxft, tJintughen six days: and, therefcNre, 
whilst the SfocAvis in these signs, she di0ers but two 
lioura in ri<9]iig fo^^ix da^s together; tliat is about 20 mmiites 
later e\ cry da\ or light than on the preceding, at a mean rate. 
But in fou|teeii di\\i> aitorwards 
the Ahxin conies to iiirgo and Li- 
hiM, wltuli are the opfxisitc signs 
to l‘isa‘> a^d Aries ainl then she 
lifirs ahriost lour times as much 
111 iisini> , ii.(iiui>, 1 iiour and a- 
bout 1 5 iiiimitis l.iter ever\ da) or 
than tlie fbiiiar, wliilst slie 
Is to ihesi sigii>, The annexed 
Table .Ikws the daily meuii dif- 
riiiiUL of the AIiMm's rising and 
M.tting on the ]}aralicl of London, 
for da\s, ill which time the 
Moon (iiiishes her ]K‘riod round the 
ivhjitie, and gets into the same 
sign iroiii the beginning of which 
she set out. So it i^ipcars by the 
Tabic, that when the Moon is in 
Ilf luid ^ she rises an hour and a 
quarter later every day than she 
rose on the fanner; and differs on¬ 
ly 28, 24, 20, 18 or 17, ihinutes 
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68 


in setting. But when die comes to K and T, idie is only 20 
or 17 minutes later in setting. , 

278. All these things will be mede plain by putting small 


tiou about tihe Earth jo a /ear; the Sun onlf 3M|. TheteftM the Win gain 9 
minutea 66 lecooda upon the Sun enny day; ao that a eydeml day oontiuna only 
23 boon 66 jainutei of mean lOlar timet md a natunl w Mht day 24 bounk 
Hence 12 qrdmil hoan an 1 ndrate 68 noMida diortcr than 12 aolv. 
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patches on the ddiptieof t globe» as far ihim one auothcr as 
the Moon moves finMl any pcnnt dT the celestial ecliptic in 24 
hours, %lHch, at a mean rate, is* degrees; and then, in 
turning the globe round^ observe the nting and ,ik.atii^g oF the 
patches in the jhoiiaon, as the index poii^ out tlic d*^l!erent 
times in the hour circle. A few of thc'se patches are^^AV!<cnt- 
ed fay dots at 01 2«% &c. on the ecliptic, which^lias tiK* pusi. 
IPWIII* LVI hhcn Aries rises in theyust; and hy Uk* 
^ A jots 0128, 8 bc. when Libra rjHcs in the ea^t, at 
time the ecliptic has the position U : ranking lui 
ai^le of 62 degrees witli the horizon in Ui latter ‘a^e, and an 
angle of no more than 15 degrees with ip in the fonner; huj). 
posing the globe rectified to the latitude of London 
279. .Having rectified the glolie, turn it until tliv patch at 
0, about the beginning of K Pisces in the half L CI of the 
ecliptic, comes to the eastern sale of the huri/on: and tiu n, 
keeping the ball steady, set the hour .index to\ii, because ihut 
hour may perhaps be more ea:>ily remembered than any otlu r 
Then turn the globe round westward, and in tlut lime, sii|>. 
pose the patch 0 to have moved thence to 1,18(; degrees, whikt 
the Earth turns once round its uxi.s, and you will sec that 1 rises 
only about 20 minutes later than 0 did on the day liefore. Tun> 
the globe round again, and in that time suppo.si> the same patch 
to have moved from 1 to 2; and it will rise only 20 minutes 
later by the hour-index, than it did at I on the day or turn befort' 
At the end of the next turn, suppose the patch to hare gone 
from 2 to 8 at 17, and it will rise 20 minutes later than it did 
at 2. And so on for six turns, in which time there will scarce 
be two hours difibrenoe; nor would there have been so much, 
the 6 degrees of the Sun's motion in that time had been 
allowed 4br. At the first turn the patdi rises south of the 
cast, at the middle turn due east, andnt the lost turn north of 
the east But these patches will be 9 hours of setting on the 
western ride of the horizon, which shews, that the Moon will be 
so mudi later of setting in that week in which ribe moves 
tiirough these two signs. The cause of tins dUEbrenoe is evu 
* 

> The gtts OltsHWf dSMst a dkgiw in the b M faeon, Ow lame wny 

fiMtUwMeouaawwiaed,«be(«forc,OieMo«i,l9adMaehigIXt digjaenb that 
aiae,toMfiaba«wthsattdqpMbitfaw£bBite8itt<liaB ihe wss eo the dejr 



cir. xTi. or m mjkvrmn imok. 175 

dent; for Fbeee and Aiiee milEe only aA angle of 15 degrees 
with the horixon when th^ rise $ but they make an BD|^e of 
, 62 degrees with it when they set As the sigmi Taurus, 
'Gmini, Cancer, Leo, Yiigo, and Libm, rise succesrively, the 
angloincreases gradually whidi they make with the lu^zcm, 
and in the same fMopordon as they set And few that 

reason, the Moon differs gradually more in the time of h«r 
n&ing every d^whiist die is in th^ and less in her set- 
ting: afUr whichXdirough the other mx signs, viz. Schrpio, 
Sagittarius, CapriciYn, Aquarius, Pisc^ and Aries, the ridng 
difference hcixnncs 1 as evciy day, until it be at the least of all, 
namely, iii psccs ani\ Aries 

280 The Moon goes round the ecliptic in 27 days 8 hours; 
but nut froui chaiige^to change in less than 29 days 12 heuia : 
so that she is in Pisces and Aries at least once in every Inna* 
Uon, and in some lunations twice. 

281 If the Earth hod no annual motion, the Sim Why iJw 

would n(\er appear to shift his place in the ecliptic, ^ 

And then every new Moon would fall in Uk' same sign difimotugns 
and degree ui the ediplie, and every full Moon in tlic opposite: 
for the MiKin would go precisely round the ecliptic from change 
to change. So that if the Mixm was once full in Pisces or Anes, 
she would always be full when she came round to tlie same sign 
and dejn'ce again. And as the full Moon mes at sun-set (be¬ 
cause when any point of the ecliptic sets, the opposite point 
rises), she would constantly rise within two hours of sun-set, 
on the parallel of London, durmg the week in which she was 
full. Bui in the time that die Moon goes round the ecliptic 
from any oonjiinctkm or opporidon, the Earth goes ahiiost a 
rign forward: and, therefore, the Sun will seem to go as for 
forward in that dme, namely, 27^ degrees; so that the Momi 
must go 27} degrees mtire tfom round, and as much forther » 
the Son advances in that intmwal, which is 2|^V degrees, b^ore 
she can be in oonjuQCtkm with, or c^posite to the Sun egain. 
Hence it is evident, that there can be but one eonjunotion or 
opporition of the Sun and Moon in a year, in any particular 
port of the ecliptic. This may be familiarly eicem- Hw penodi- 
plified by the hour and minute hands of a watdi, 

which ali never in coqjimction or opposition in that tUn exvnpU* 
part of the dial*|date where tltey were so last before. ^ 

And, indeed, if usg compare the 12 hours on the dial<|>late to 
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die IStBgiui of the eehptic^ the lKHir.liflnd to the Sun, and the 

iiunute4iand to the Moon, we dkall hare a tolerably near re- 

ennbiance in inimature to the motions of our gnnit celestiaf 

luminaries* * The only diffoence is, that nhilst the Sun gdba 

once round the ediptic, the Moon makes 12^ conjunct**^ uith 

liim: but whilst the kour4uiiid goes,round the 

minutedMmd makes only 11 oonjunctiens with it p^muise tlie 

ihinuteJiand moves sKNier in respect to the hogt-liand tlinn the 

Mood does with regard to the Sun. * ^ 

T!he hirmt ^ Mountan never Ke full but vhen i<he 

ud buoter’s is opporite to the Sun, and the »un is never in \ irgo 

and Libra but in our autumiyn iixmth^, it is pinin 

that the Moon is never full in the oppo.site Mgii.s, «ri><‘<.‘s and 

Ariesv but in these two montlis. And, therefore, can hu^ e 

only two full Moons in the year, which rise m) near the time of 

sun-set for a week together, as above ntentioiu'tl. The htriner 

of thuse is called the harvest Moon, and the latter tiie hunUr^s 
• * 

Moon. 


Why the Here it will probably be asked, whj we neier 

observe this rcmarku])ie rising of the Minm hut in 
“ harvest, seeing she i** in I’isces and Aries 12 tunes 

IirTlfr pcncdlk« ' ^ 

cd but in bar- in the }ear besides; and must then rise with as little 
difference of time as in harvest } The answer is plain; 
for in w inter these* signs rise at ntxni; and being then only a 
quarter of a circle distant from the 8uii, the Moon in tlioin is 
in her first quarter: but when the Sun is aliove the hori/on, 
the Moon's rising is nrither regarded nor perceiied. In .spring 
these' signs rise with the Sun, because he is then in them; and 
as the Moon changes in them at that time of the year, she is 
quite invisible. In summer they rise almut midnight, ^nd the 
Sun being their three signs, or a quarter of a rircle before them, 
the Moon is in them about her third quarter; when rising so 
late, and giving but very little '^ight, her riuag passes unob- 
served. And, in autumn, these signs beii^ opposite to the Sun, 
rise when he sets with the Moon in oppositioii, or at the full, 
which makes her rising very cons|Muous. 

284. At the GC(uator, the north and south pdes lie in tlic 
horizon; and, therefore, the ecliptic makes the same angle 
southward with the horizon when Aries wises ^ it does nortii- 
ward when Lihra rises. Consequently, as the Moon at all the 
fore^mentioned patches rises and sets nearly at equal angles with 
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iho horizon all the yeai* round, and about 50 minutes later 
every day or ni^ht tlian on the preceding, there can be no par¬ 
ticular harvest Moon at the etpiator. 

. 286. The farther that any place is fwmi the iNjuator, if it be 
not b»v<in(i the polar ciit‘le, the angle gradually diminisfies, 
which Hi.' ecliptic and horizon make when Piscc's and Aries 
rise: and, Itj^refore, when the MiN>n is in these signs she rises 
with ii nearly ]tiotK»rtionahlc difference later every day than on 
the former, and i^for that reason the more remarkable about 
the full, until we eoine to the jxilar circles, or 66 degrees from 
the e(|uatora in whi 'h latitude the ec‘li]itie and hori/on become 
coiiicidcnl laery ({ay'*/>r a moment, at the same sydcreal hour 
(or 6 niiiiu/es ,>(> seconds s(M>ner every day than the ffirraer), 
and the vem' next inpment onc-haJf of the ecliptic, containing 
(’aprieoni, Aquarius, Pi-sccs, Aries Taunt**, and Gemini, 
Hm's, and tlie opposite lialf sfts. Therefore, wliilst the Moon 
Ls going fiom the beginning of Capricorn to the beginning of 
(’aneci, which is almost 11 days, she rises at the same sydereal 
hour; ami in autumn 'pist at sun-set, because all the half of 
the ecliptic, in which the Sun is at that time, sets at the same 
*v dereal hour, and the op{M>site half rises; that is, 3 minutes 
.>6 si'Conds, ol' mean solar lime, sminer every day than on the 
day heliirc. So, whilst the JMckmi is going from Cajiriconi to 
Cancer, she rises earlier every day than on the jireceding; con¬ 
trary to what she does at all places helween the jxilar circles. 
But during the alnive 14 days, the Mckiii Is 24 sydcrwil hours 
later in setting: for the si\ signs, w'hieh risi‘ all at once on the 
easUn’n side of the horizon, are 24 hours in setting on the west¬ 
ern side of it; ns any one may sec by making chalk marks at 
the beginning of (’apricorn and oil C’aneer, and then, having 
elevated the |Kile 66 J degrees, turn tlic globe slowly round its 
axis, and observe the rising and setting of the ecliptic. As the 
lieginning of Aries is equally distant iwim the beginning of 
Cancer and of Capricorn, it is in the middle of that lialf of the 
ecliptic whicli rises all at once. And wlien the Sun is at the 
beginning of Ijibra, he is in the middle of the other half. There¬ 
fore, when the Sun is in Libra, and the Moon in Capricorn, 
the ]M(siti is a quarter of a circle before the Sun; opjxisite to 
him, and r'oiisequentiy full in Aries, and a (piarter of a circle 
bcbiiid him, when in (’ancer. But when Libra rises, Aries sets, 
and all tliat half of tlie ecliptic of whicli Aries is the middle; 
voi,. 1 . X 
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and, thcrefiMc, at that time af the year, the Moon rises at sun- 
from her first to her Uiird quarter. 

The har\«M ^6.1n northern latitudes, tlie autumnal full moons 
iarm'b?h* ^ Pisces and Anes, and the vernal full moon> 
iideiofthe m Vitgo and Libra, in southern latitudes |ii«t tlie 
equator. reverse, Iwcause the Si*a.soim an coiitnin JJdt 1 ugo 
and Libra nsc at as small angles wilh J.he luiu/ny in sonthcin 
latitudes, as Pistes and Aiies do in tlu nuitlmin, and, theie- 
foie, the horsest mtxms aie just as rtgulai^roi one side ui the 
equator as on tlie other ^ 

287. As these signs 'whuh use ^ith the^,iast aneUs, >ct with 
the gieatest, the serii.il iull moons differ .rs much l[i their times 
of Using tvei\ night, as tlu autumnal full hknmis d fiti in their 
times of Sitting, and set with as little diftcunct as the autumnal 
full moons iise the one hung in all cases the re\eise of the 
lahei 

288 Hitbeito, for thi sike of |i)uimess, wt ha>e siqqxised 
the Moon to mo\c in the iihptu, iioni vhuli the *suii never 
deviates. Dut the oihit invOmh tlu Mimiii leaJie mneis is 
different fioin the ecliptic, oiu-haii hiiugeUvaUd '>^ dc‘grtc>s 
above it, and the othei half as inucli depiessed hclou it '^I'hc 
Moon's orbit, therefore, intiMseit^ tlu uliptic in two jKwnts ch.i- 
nietncalU opfMisite to each other, and thc«c interseiturns an 
The Moon’s (ailed the Moon's noihs So the Moon can iucli 
nodes be 111 the ecliptie but when slie is in cither of lui 

ncxles, which is at least twiee in e\cr> couise fiuni change to 
change*, and sometimes thiiu* For, us the Moon goes almost 
a ivholi sign more than round lur oibit fnuii change to change, 
if she jrnsscs b} eithci node about tlie time of change, she will 
pass by the other in alunit class .ifUr, and come round to 
tlic former ricxle 2 da>s again befon the next clunge That 
ncxle from which the Moon begins to ascend nortliwaid, or 
alxive the ecliptic, in northern latitudes is cailled the Asicnding 
nodi, and the other the Deicendtnq node, because the Moon, 
when she passes hv it, descends below the ecliptic southward 
289. The Moon's oblique motuni with regard to the i*cli|)tie, 
c auses vmie diflerenc c in llic times of her rising and setting, 
from what is already mentioned For when slie is noithwaid 

m 

of lilt ecliptic, she nscs sooner and sets later tlgm if she moved 
in the ecliptic and when she is Hiuthwaid of the ecliptic, she 
iiKs later and sets sooner This chffeience is vari/ihle, eicii in 
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thc^somp fiigiiSy because the nodes shift Imckward about 19S de¬ 
grees in tlie ecliptic every year; and so go round it contrary to 
the order of signs in 18 years 225 days. 

''^90. When the ascending node is in Aries, the southern half 
of the'*'Mix)n’s tirbit makes an angle of SJ degrees less with the 
hnriron ii.en the eeliptie does, when Aries rises in northern la¬ 
titudes* for w^ich reasoitf the Mrani rises with less difference 
of time whilst shejs in Pisces and Aries, than she would do if 
she kept in the ecli{Kic. Hut in 9 _>ears and 112 days after¬ 
wards, the desceiulinp' node comes to Aries; and then the Moon's 
orbit makes all angle 5\ degrees greater with the horizon when 
Aries rises, tlian the I'jliptic does at that time, which causes 
the M(xm tomse with greater difference of time in Pisces and 
Anes, than d^.slie moved in tlie ecliptic. 

291- I'o be a little more particular; w'hcn the ascending node 
IS in Anes, the angle is only 9} degrees on the parallel of Lon¬ 
don when Aries nn-s. But when the descending node comes 
to Anes, ]lie angle is 201 degrees: this occasions as great a 
diff’erence the M<h)h'> rising in the same signs every 9 years, 
as there would be on two parallels lOj degrees from one an¬ 
other, if the MiKiifs course were in the ecliptic. The following 
table shews liow miuh the oblujiiit^ of the IMiMurs orbit affects 
her rising and setting on the parallel of London, fj-oui the 12th 
to the 18th day of her age, supjxising her to he full at the 
autumnal ei^uinox : and then, either in the ascending node, 
highest part of her orbit, de.scending node, or lowest {lart of her 
orbit. M signifies morning, A afternoon; and the line at the 
foot of the table shews a week's dijffcrence in rising and setting. 


Ui 

< 

Full in her as- In Uie highest 
cending node. j])artwfherorbit. 

Full in her dc-j In the lowest 
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This table mjis not eoinpiiteib but only eslnnsUetl ns lU’ai' av 
could he done from a coiiuiioii glolu*, on nhicli the Mimmi's 4 ir- 
bil Mas drlinenttxl with a black-lead jm-iiciI It mat at lirst 
wght a{)|)ear erroneous, since, as we ha\e supjKised the M<on 
to be full in either node at the autumnal equinox, sht outrlit 
by the table to n'*e just at C o'lhwk, or at •*un si-t, oif the Iflth 
day of her ajje; heiiif' in the ecliptic Mt th.il tun Ibit it must 
bc‘considered, that the Aloon is onl\ II’ dsA’s old when slu 
is full, and, therefore, m Kith ms^^slu isytf little past tiu iuhIc 
on the 15th day, belli•> aboM it at one liiiu, aiul lulow it at 
the other. f 

29^. As there Is a complete re\oluti('n of tlie nodes m IS; 
\ears, there must be a le^iilar peiiod of all the \?nitus wlmli 
can hap}x‘ii in the iisin^ and sfttmj' ol ilu Mooi' during that 
Tliepcrwid Ibit this chitting ot tia iiixlts lUAei affects 

nHiirharviM tin* Mihmi's risiiii; Mi niucli, e\en in her (piukest dt 
sceiiduig latitude, as not to allow us still the benelit 
of her rising neaier the time of sun sit, for a few d i\s togethei 
.ibont the full m hardest, than wIkii s|n is full .it .i(i\ oilui 
time of the \ear The followmi* table sluws m wli.it Mais 
the hurvest-iiKKins are least iK'iiefuial as to the tmu s of ihur 
rising, and in what tears most, lioni 1711 to Ihbl Tin lo- 
liimn of _\ears undor the letter /,, are those m which the liar\esi 
nuxMis are least <»f all hetiefieial, lurause tht \ fall about the de¬ 
scending node • ami those uiuKt JA'ire the most of all hem fi¬ 
end, iKH-’anse they fall alnnit llie aseendmg node In ail the 
columns from *V to *9, the liar\esl-inoons descend gradually m 
the lunar orbit, and rise to It‘ss heights alnne the hoii/o» 

I’nail S to A' ihev ascrnd in the .same ])ro|K>rtion, and nse to 
greater heights alxive the hori/on In both the columns iindei 
S\ the harvest-iiKKins are m the lowest part of the Mixm's oihit, 
that is, farthest south of flit* ecliptic; and, iherefoie, sta^ 
shorten of all .d)o\e the hori/on : in the eolnimis tindii* A' jint 
the reverse. And in Ixitli cases, their rising, thuugii not at the, 
same times, are neailc the same with ng.ird to diffeieiiee ot 
tune, as if the Mtxm's oibil were ctniicident with the ecliptic. 
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in which the Iliirint Moons arc U’a\t hcnc/tciaf. 

N L ’ S 

17.W 175i5 1754 1755 175f> 1757 1758 1759 

177T)M771 1772 177.'* 1774 1775 1776 1777 1778 

1788 KS9 1790 1791 1792 1796 1794 1795 1796 1797 

1S07 1M)S 1809 1810.1811 1812 1816 1814 1815 

1826 18‘!7 r >8 1829 1860 1861 18.62 18.66 18.64 

18U 181,5 1816 j 817 1848 1849 18.50 1851 1852 

) no \ III nhiih fhn/ me most Iniul'dal. 

^ 1 M • .N 

1760 1761 /l762 I76J 1761 1765 1766 1767 1768 1769 

1779 1780/1781 178'2 1786 1781 1785 1 786 1787 

1798 ITTII 1800 1801 1802 180,6 180* 1805 1806 

1816 1817* 1818 1819 1820 1821 1822 1826 182* 1825 

1815 1866 1S6T 1868 18.69 18*0 1841 1842 I84.J 

1856 1 854 1 855 1856 1?1.57 18.58 18.59 I860 1861 


296 At llu riri'li"', mIioii tlu* Sun tuiu'hos the .summer 
tropK, he e(>ntiii>ie.s 2* Imurs al)o\e the huiizon ; and 2* hours 
Im'Iow It when he tom'hes ihe winter trojiie. For the .same rea- 
Min. tlu tul! M»M»n neithei ns»« ni tiummer, nor sets in ^\inter, 
fwnsidenni; lu*i as moMiie m the eeliptie. For the winter tiill 
moon h( in!> as hiirli m the (eliptie as tile summer sun, must 
iheieioie eontmiie as lon«; aho^e the hori/oii; .uitl the summer 
lull mcHin hiinp as low in the eeliptie as the winter sun, can no 
more rise than he does Hut these are only the two full moons 
whieh ha])pin aliout the tiopies, foi all the otliers rise and set. 
In summer the lull imams arc low, and their stav is short above 
the hori/on, when llie nij^hts are short, and wc ha\e least occa¬ 
sion for incHin-h^ht. in winter they go high, and stay long above 
the horizon, when the nights are long, and wp want the greatest 
<piantit} of moon-light. 

29*. At the jxilcs one half of the ecliptic never 
sets, and the other half never rises: and, therefore, nrnanuanrr 
as tlie Sun is always half a year in describing one 
half of the ecliptic, and as long in going through 
the other half, it m natural to imagine that the Sun cuntimies 
half a >ear together al)o\e the hori/on of earh pole in its turn, 


and as long Ih'Iow it; rising to one jxiie when lie sets to the 
other. 1'hi.s would be e\tietly the case if there were no refrac¬ 


tion : hut by ftie atmosphere's refracting the Sun’s rays, he bo- 

* V * 
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comes visible some days sooner, §188, and contiimes some da}S 
longer in sight than he would otherwise' <to; so that he apfx'ars 
above the horizon of either ftble before he has got below thg 
horizon of the other. And, as lie never go<‘s more than J 
degrees lielow the liori/on of the })oles, they hn\ e vei^ htth' 
dark night, it being twilight there, as well as at all oilier place'*, 
till the Sun be 18 Iwlow the horiron,* § ITT. The full moon 
lieing alwa\s oji^xwte to the Sun, can ne^er be seen vliile the 
Suuisalxne the hori/on, i\ccpt\\hen th^ falls in the 

northern half of her orlnt ; ^or, 'whene^er an\ jiOuit of the eclip¬ 
tic rise.s, the opposite [Kiint .sets. Therefore, as tli* Sun is aliove 
the horizon of the north |X)lc from thc;i20tii of \dareh till the 
5l8d of September, it is plain that the ^loon, whe'i full, being 
opposite to the Sun, must he below the hori/on diiMngthat half 
of the year. But when the Sun is in the soiilheni half of the 
ecliptic, he never rises to the north ^ie, during which half of 
the year, every full moon happens in sonu' jiart of the northern 
half of the ecliptic, which never sets, (’onseipuntly, as the 
polar inhabitants never .see the full Moon in summer, thev have 
her always in the winter, before, at, and after the full slmuitg, 
for 14 of our days and nights And when the Sun is at his 
greatest deprcssiion below the horizon, hemtj then in Cajiricorn, 
the Moon is at her first quarter in Aries, full m C’anei r, and at 
her third quarter in Lil rn. And as tin- beginning of Aries l.s 
the rising point of the ecliptic, Cancer the highest, and Libra 
the setting jKiint, the Mtxin rises at her first quarter in Aries, 
is most elevated above the horizon, and full in (’aneer, and sets 
at the beginning of Libra in her third quarter, having conti¬ 
nued visible for 14 diurnal rotations of the Kartli. ITius tlie 
poles are supplied one half of the wintcr-tiine with constant 
moon-light in the Sun’s absence; and only lose sight of the 
M(x>n from her third to her lirst quarter, while she gives hut very 
li‘tle light; and could be hut of little, and soinetijiics of no scr- 
Plaic vrii. vice to them. A bare view of the figure will make this 
I'*.?- plain; in which let S' be the Sun, c the Eartli in sum¬ 
mer, when its north piile n inclines toward the Sun, and K the 
Earth in winter, when its nortli pile declines from him. SEN and 
ATlEA’is the horizon of the north pole, which is coincident with 
the equator; and in both these pmitions of the Earth, T co 
is the Mtxm’s orbit, in which she gtx's round the Earth, ac¬ 
cording to the order of the letters a 6 c d, When 
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the Moon is at <i, she is in her third quarter to the Eartli nt r, 
and just risinpf t(} the norUi )X>le n; at h she changes, and is nt 
the greatest lieiglit aixivc the horizon, as the Sun like^nse is; 
iK, r she is in her first quarter, setting belovr the horizon; and 
is lowest of all under it at d, when opposite to the Sun, and her 
eiihghtenefi side toward the Earth. But then slit* is full in 
view to tin* south pidc*y/; which is as iiiueh turnwl from the 
Sun ns the north jx»le inclines towards him. Thus, in our sum¬ 
mer, the Moon is above the horizon of the north jM»le, whilst 
she describes the northern half of the eclijitic T or from 

her third rftiarter to her first; and below the horizon during 
her progr.'s/ through }he southern half fS T : highest at the 
change, nuAt depressed at the full. But in winter, when the 
Eartli is ;R aiuj its north |X)K‘ declines from the Sun, tlie 
new ni(N>n at J) is at her greatest dejiression below the horizon 
lE.V, uiid tile liill moon at B at her greatest height alnive it; 
xiiiing at her first quarter vf, .and ki'cjiiiig al)o\e tlie liorizon till 
she eoiiics to her third t|uarler At a mean state she is 23J 
degrees alxivc the hori/on at B and ft, and as much lielow it at 
D and d, cijual to tlie inclination of the Earth's axis F. S' so 
or S' l‘^ arc, as it were, a rav of Ilglit proceeding from the Sun 
to the Earth: and shew> that when the Earth is at r, the Sun 
IS alnne the lion/on, vertical to the tropic of Cancer; and when 
the Earth is at 7J, he is lielow the horizon, Acrtical to the tropic 
of ('apneorn. 


niAP. XVH. 

Of THK rBBIXO \M) ILOWTKG OF TUI' sr.\. 

295. Thk cause of the tides was discovered bv Ken- , 

1 1 • 1 • r . . f nr . ‘ ^ 

Jer, who, in Ins Introduciim to the Phtf^stes of the the tides dis- 
Hvuvens^ thus explains it: ‘ The orb of the attract- 
iiig ]x)wer, which is in the Moon, is extended as far 
as the I'iarth; and draws the waters under the torrid zone, 
acting upon places where it is vertical, inscnitibly on confined 
seas and liavs, hut sensibly on the ocean, whose htnis are large, 
and die waters have the liberty of reciprocation, that is, of ris¬ 
ing and falling.' And, in tlie 70th page of liis Lunar Astro- 
nonii /—‘ Bnl the cause of the tides of tlie sea, apji^iu-s to lie 
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the boities of the Shin and Moon drawing the waters of the seoJ* 

Their theory th© immortal Sir ImuU; New- 

improved by ton improved it, and wrote so amply on the subject, 
Newton” make tlie thc'irv of the tide* in a manner (juit - 

bis own, by distwering the cause of their risntg on 
the side of the Barth oppu«'ile to the MtKin For Kt'pler b6- 
lieveil, that the presence of the Moon (tccaskined an inipulsc 
nhich eaiisc'd another in her absence. 

ExpUined already shewi, Jf lOfi, that tlie 

on the Xc*. power of gra\it> diminishes as the M|utire of the dis- 
P*“' tance increase's; and, therefore, the ut Z on 

** the side of the Earth ABCDEFGIf iw^t the Mck>ii 

Plate IX. d/ are more altractc'd than the centr.il tb^‘ 

*• Barth O h\ the Moon, and the centra! jwirts are 
more attracted In lier tlinn tlie waters on the opjiosite side of 
the Barth at n; and, therefore, the distance Ix'ttteeii tlie Barth's 
centre and the waters on its surface under and op|x>siie to the 
Moon will be increased. For, let theie lie three bodies at //, 
O, and D; if the} are ail equally atti acted by the botl\ J/, 
they ^ill all move equally fast tunarcl it. tlieir imitual distances 
from each other coiitininng tlie same. If the attraction of J/ 
is unequal, then that hotly iihicli is most stroiigh attracted «ill 
move fastest, and this will increase its distance from the other 
body. Therefore, by the law of gra\itation, d/mil attract// 
more stronglv than it dex's O, h) which the distance between 
// and O will be increased: and a s|xvtator on O will jxrceite 
jhT rising higher toward Z. In like manner, O being more 
strongly attracted than 2), it will move farther towards M than 
Z>doc.s: eonseciuently, the distance between O andwill he 
increased; and a spectator on O, not pereeiviiig his ow n motion, 
will see D receding farther from him towards n , all (fleets and 
appearances being the same, w hether 1) recedes from O, or O 
from D. 

S97. Suppose now' there is a number of Ixxlics, as A, 2?, C, 
D, E, F, G, Hf placed round O, so as to form a flexible or 
fluid ring: then, as the wrhole is attracted tow'ards d/, the parts 
at H and D will have their distance from O increased ; w'liiist 
the parts at B and F, being nearly at the same distance from 
Jlf as O is, these parts will not recede from one another; hut 
rather, by the oblique attraction of df, tlie^ will approach nearer 
to 0. Hence, the fluid nng will funn itself iutp an ellipse 
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df/BLnKFNZ, whose longer axis n 0 Z produced will 
pass through if, and its shorter axis B 0 F wiU terminate in 
B and F. Let die ring be filled with fluid particles, so as to 
.^rm a s[)hcre round O; then, as Uie whole moves toward if, 
the'Muid sphere being lengthened at Z and a, wall assume an 
oblong or oval fonn. II* M is the Moon, 0 the liarth’s centre, 
A B C D E F G H ihft covering die Earth’s surface, it is 
evident, by the nlxne reasoning, diat whilst the Earth, by its 
graiity, falls toward the Moon, die w.ster directly lielow her at 

will swell and rise gradually towards her: also the water at 
/)wiU receth* 1‘roni the centre (strictly speaking, the centre re- 
cc^les from M))^ and rise on the oppisite side of the Earth: 
whilst the Auter at B and F is depressed, and falls below the 
former Icvii. iletice, as the Earth turns round its axis from 
the Moon to the Moon again in hours, there will be two 
tides of flmxl, and two of ebb m that time, as we find by ex¬ 
perience. 

29H. As this explanation tif the ebbing and flowing of die 
sea Is deduced tnmi the Earth’s constantly falling toward the 
Moon In the )x>wer of grant), some may find a difliculty in 
conmvinghow this i> pissible, when the Moon is full, or in 
opfKisition to the Sun; since the Earth revohes about the 
Sun, and must continually fall towards it, and therefore can¬ 
not fall contrarv wa)s at the same tunc: or, if the Earth is 
amstantlv falling towards the Moon, they must come together 
at last. To reinose this difficult), let it lie considered, that 
It is not die centre of the Earth that describes the annual orbit 
round the Sun, but tlie' common centre of grasity of the Earth 
and lifoon togC‘ther: and that w'hilst the Earth is moving round 
the Sun, it also describes a circle round that centre of gravity; 
going as many times nuind it in one revolution about the Sun 
as there are lunations or courses of* the Mcxin round the Earth 
ina)c*ar: and, therefore, the Earth is constantly falling to¬ 
wards the McN>n, from a tangent to the circle it describes round 

' Thw centre la much nearer the Tarth’s centre than the Moon’s, as tlie Earth 
14 hea\icr, or contaiiifi agnater quantity of matter than the Moon, namdy, about 40 
tiniLS. If botli bodies were suspended on it, they would hang tit tqmltbru. So 
that dividing 240,000 milev, tlie Moon’s distance ftum the Earth’s centre, by 40, 
the exiesa of the Eartli’s weight above the Moon’s, the quotient will be 6000 miles, 
which IS the distance of the common centre of gravity of the Earth and Moon ftom 
the Earth's ceqtie. 
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Fkte IX. said common centre of gravity. Let M be tlie 
*• Moon, T W port of the Moon's orUt, and C the 
centre of gravity of the Earth and Moon: whilst the Moon 
goes round her orbit, the centre of the Earth dearribes tK* 
circle dffe round C, to which circle ffak is a tangent: 'and, 
therefore, when the Moon has gone from M to a little past IF, 
the Earth has mured from ff to e, and«in that time has fidlen 
towards the M<Kin, from the tangent at a to e, and so on, round 
the whole circle. 

299. The Sun's iniluem'e in nusing the tide's it. but small in 
comparison of the Moon's: for, though the Earth's diameter 
bears a considerable proportion to its distance fronit^ the Moon, 
it is next to nothing when compared to its distance from the 
Sun. And, therefore, the difference of the Sun's attraction 
on the sides of the Earth under and opposite to him, is much 
less than the difference of the Muon's attraction on the sides of 
the Earth under and opposite to her: and, therefore, the Moon 
must raise the tides much higher than they can be raised by 
the Sun. 


Fig. 1. 


Why the theory, «> far as we have explain- 

tidea aie not ed it, the tides ought to be highest directly under 
S?*Moon and oppt^ite to the Moon; that is, when the Moon 
on the men. is due north and south. But we find, that in open 
seas, where the water flows freely, the Moon M is 
generally past the’north and south meridian, as at p, when it 
is high-water at Z and at n. The reason is obvious; 
for, though the Moon's attractioii was to cease alto- 
gether when she was past the meridian, yet the motion of 
ascent communicated to the water before that time, would make 
it continue to rise for some time after; much more must it do 
so when the attraction is only diminished : as a little impulse 
given to a moving ball srill cause it still to move farther than 
otherwise it could have done; and as experience shews, that 
the day is hotter about three in the afternoon, than when the 
Sun is on the meridian, because of the increase made to the 
heat already imparted. 

Nor alwayi 801. The tides answer not always to the some dis- 
^ lance of the Moon from the meridian at the same 
a^diMaiice places; but are variously affected by the action of 
the Sun, which Inings them on sooner when the 
Moon is ill her first and third quarters, and keeps them back 
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hoer when she is in her se^nd and Ibiirth: because, in 
the one case, tlie tide raised by the Sun alone would be 
earlier than the tide raised by the Moon, and in the other case 
later. 

^2. The Moon goes round the Eartli in an ellip. Spring nod 
tic orbit, and, therefore, in e\ cry lunar month, she 
approaches nearer to the Earth than her mean distance, fuid re¬ 
cedes farther iroin it. When she is nearest, f<ie attracts strong¬ 
est, and so raises the tides most; the contrary happens when 
she IS farthest, lx?causc of her weaker attraction. When both 
luminaries^re in the equator, and the Moon hn Perigno^ or at 
her least distance from the Earth, she raises the tides highest 
of all, es^’Cially at her conjunction and opposition, both be¬ 
cause the* er^uatorial parts have the greatest centrifugal force, 
from their describing the largest circle, and from ilic concur¬ 
ring actions of tlie Sun and Moon. At the change, the at¬ 
tractive forces of the Sun and Mixm being united, they dimi¬ 
nish the grnv ity of the waters under the Moon, and their gra- 
vitv on the op])osite side is dumnished by means of a greater 
c*eiitrifugal foras At the full, whilst the Moon raises the tide 
under and opposite to her, the Sun acting in the same line, 
raises the tide under and opposite to him; whence their con¬ 
joint effect IS the same as at tlie change, and in both cases occa¬ 
sion what we call the springtides: but at the quar- phte ix. 
ter the Sun’s action on the waters at 0 and H di- 
minishes the effect of the Moon's action on the waters at Z and 
N; so dial they rise a little under and opposite to the Sun at 
0 and and fall as much under and opposite to the Moon at 
Z and Ny making what we call the neap Udesy beoause the Sun 
and Moon then act cross-wise to each other. But, strictly speak¬ 
ing, these tides happen not till some time after; because, in 
this, as in other cases, § 800, the actions do not produce the 
greatest effect when they are at the strongest, but some time 
afterward. 

303. The Sun being nearer the Earth in winter 
than in summer, § 205, is of course nearer to it in 
February and October, than in Mm%h and Septem- 
ber; and, Uicrefore, the greatest tides happen not ^ 
till some bme after the autumnal equinox, and return a little 
before the vernal. 
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Tlw ddn 

would not 
immedutcly 
cease upon 
the annihi« 
lation ot tlie 
Sun and 
Moon. 


The fica liein^ tlii^ put in motion, would oontU 
line to ebb and flow for aevoml times tveii though 
the Sun and M(n>ii were annihilated, or their influ¬ 
ence sliould cease : iib if a basin of water were agi>^ 
tated, the Mater would continue to move for some 
time aHer the h«isin Mas leA to stand still Or like 


a pendulum, Mhieh, lia\ iiig lieeii put in> motion by the hand, 
continues to muk(nse\erai vibrations Mithoiit am ueM impulse. 
The lunar When the !Moon is in the e({iintoi\ the tides 

Thet*^** wpially high in lK>th parts of the lunar (Ia\, or 

riwtoune- time of tlio Mmn's rexohintj from the ifterulun to 
qu^beu;ht tin* meridian again, Mhieh is ^1* iHuir", minute^ 
day, and ^bit as tile Mooli ciecliiies fnan the eijiiatdr toMards 
either pole, the tides are alternateU higher and lowei 
at places ha^ing north or south latitude. For one of the high¬ 
est elevations, Mhieh is that under the Moon, folloMs her tiv 


wards the (loie to which she is nearest, and the otlu^r declines 
toM'iurds the op]V)site |K)le; each elevation desc‘rihing ])araiiels 
as far distant from the eijpator, on op]N>sUe sides, as the Miniii 
declines fnmi it to eitlier side; and, consequently, the ]ianillels 
describetl bv these elevations of the water are twice ns innnv 


degrees from one another, ns the Moon is from the equ.itor, 
increasing their iKstanee as the M<kiii increases her declination, 
till it he at the greatest, when the said parallels are, at a mean 
state, 47 degrees fnim one another: and, on that day, the tides 
are most unecjual in their heights. As the Mixm returns to¬ 
ward the equator, the parallels descrilicd by the opjiosite ele¬ 
vations approach towards each otlier, until the Minm comes to 
the equator, wnd then they coincide. As tlie Moon declines 
toward the opposite pole, at equal distances, each elevation de¬ 
scribes the same jiarallel in the other ))art of the lunar day, 
which its opposite elevation descrilvcfl bc>fore. Whilst the Moon 
has north declination, the greatest tides in the northern hemi¬ 
sphere arc when she is alxjvc the horizon; and the reverse 
mateIX. whilst her declination is south. Let NESQ be 
Fig. 3 , 4 , 5 . Kartli, N C S its axis, E Q the equator, T mj 
the tropic of Cancer, t the tropic of Capricorn, 5 the 
arctic circle, c d the antarctic, N the north pole, S the south 
pole, M the Moon, F and G the two eminendes of water, 
whose lowest ports are at a and d (Fig. S), at N and S (Fig. 
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4 ), and at b and c (Fig 5), always 90* from the highest. Now, 
when the Moon is in her greatest north decimation at jif, 
the highcbtciesatioii G under her, is on the tropic putclX. 
of Cancer, T sp, and the opiioMte elevation F on *- 
the tropic of Capricorn t ; and these two elevations describe 
the tropics by the Earth's diurnal rotation All places in the 
northern hoinisphoie B N Q. haye the liighest tides when they 
come into the position h 7s (j, under the Moon, and the lowest 
tides whtn the Eaith's diiirn<il rotation earnes them into the 
position a T E, on the side opposite to the Mixin , the resersc 
hH{)}H‘ns at* the vune tune in llu southern hemisphere E S Q, 
ns is cvule.it to Hght, The a\is of the fides a C d, has now 
its fioles q and d (lH?ing always 90* from the highest elevations) 
m the orAic and aptarctic circles; and, therefore, it is plam, 
that at these arcles there but one tide of flcxid, and one of 
ebb, in till lunar day. For, when the point a revolves half 
round to 6, in 12 lunar hours, it has a tide of fltxid, but when 
it (onies to the sinie jKiiiil a again in 12 hoWs more, ^ 

It has the lowt*sl ebb In 7 day s aiterwards, the Moon * 

M (onies to the c*([U 1 ihk tial circle, and is over the eijuator E Q, 
when Ixith elevations descnlH* the eejuator, and in both hemi- 
sjiheris, at i*qual distances from the equator, the tide's are equally 
high in Ixith ])arts of the lunar da} The whole ^ 
phenoiiieiia King leversctl, when the Moon has south 
declination, to*what they were when her declination was north, 
lequire no farther description 

305 In the thiee last-mentioned figuics, the Earth is ortho, 
graphicallv projected on the plane of the meridiam; but in ol¬ 
der to describe a jiarticul.ir phenomenon, we now project it on 
tl\p pLine of the ecliptic. Ia'I II Z O N Iw the Earth ^ ^ 
and Sea, FED the equator, T the tropic of Cancer, 

C the arctic circle, P the noith pole, and the curves 1, 2, 3, &c. 
24 meridians, or hour-ciicles, iiitersc'ctmg c.ich other in the poles; 
A G Mis the Mixnfs orbit, *V the Sun, Jf the Moon, 

Z the water elevati*d under the IMcxni, and N the ndesiaree. 

op|X)sitc equid devation As the lowest parts of the 

water are always 90 fiom the highest, vrheii the theyamveat 

Moon IS in either of the tropics (as at M) the tieva- 

tion Z IS on the tropic of C’apricorn, and the opjxi- tunes wd 

site elovalion N on the tiopic of Cancel, the low. 


I’lg 6. 


Fig 6. 


vtct vena. 
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water circle HCO touches the polar drdes at C; and the hig^ 
water circle ETP6 goes over the poles at P, and divides eveiy 
parallel of latitude into two etjual segments. In this case the 
tides upon every parallel are alternately higher and lower, but 
they return in equal times: the point P, for example, on the 
tropic of Cancer (wliere the depth of the tide is represented by 
the breadth of the (hirk shade), has a shallower tide of fltKxl at 
Tt than w'hen it revolves half round from thence to 6, accord¬ 
ing to the order of the numeral figures; but it revolves as soon 
from 6 to 7\ as it did from T to 6. When the Moon is in the 
equinoctial, the elevations Z and N are tran^ferred to the equator 
at 0 and //, and the high and low-water circles are got into each 
other's former places; in which case the tides return ui unequal 
times, but are equalK high in parts of tlie lunar day; for a place 
at 1 (under D) revohing as formerly, g(x*s sooner from 1 toll 
(under F) than from 11 to 1. Inn-ausi* the |iara1icl it describes 
is cut into unixiual segments by the high-water circle HC O: but 
the points 1 and 11 bt'ing ecfuidistant frimi the {Xiie of the tides 
at C, which is directly under the jxile of the Mcxin's orbit M G 
Ay the elevations arc equally high in Ixith parts of the da\. 

306. And thus it appears, that ns the tideN are governed by 
the Moon, they must turn on the axis of the Moon's orbit, which 
is inclined degrees to the j^arth's axis at a mean state; and, 
therefore, the poles of the tides must be so many degrees from 
the poles of the Earth, or in opjxisite points of the polar elides, 
going round these circles in every lunar day. It is true, that 
according to Fig. 4, when the Moon is vertical to the 
* aqiuitor E C Qh the poles of the tides seem to fail in 
with the poles of the world N and S; hut wlien wc consider that 
FG H is under the Moon's orbit, it will appear that when ^le 
Moon is over if, in the tropic of Capricorn, the north pole of 
the tides (which can be no more than from under the Moon) 
must be at C in the arctic circle, not at jP, the north pole of the 
Earth; and as the Moon a.scendB from H to G in her orbit, the 
north pole of the tides must shift from c to a in the arctic circle, 
and the south pole as much in the antarctic. 

It is not to be doubted, but that the Earth's quick rotation 
brings the poles of the tides nearer to the poles of the world, 
than they would be if the Earth were at rest, and the Moon re¬ 
volved a^ut it only once a month j for, otherwise, the tides would 
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bo more unequal in their h^hts, and times oi their returns, than 
we find they are. But how the Earth's rotation may bring 
the poles of its axis and those of the tides together, or how far 
the preceding ddes may affect those which follow, so as to make 
thchi keep up nearly to the same heights, and times of ebbmg 
and flowing, is a problem more fit to be solved by observation 
than by theory. , 

307. Those who have opportunity to make obser- To know at 
vations, and clioost* to satisfy themselves whether the whAtame^wc 
tides are rially affected in the abo\e manner by the 
different positions of the Moon, especially as to the 
unequal times of their returns, may take this general rule for 
knowing when they ought to l)e so affected. When the Earth's 
axis incline.4 to the Moon, the northern tides, if not retarded in 
their passage through shoals and cii.tiiiieK, nor aflected by the 
winds, ought to be greatest when the Mcmhi is above the horizon, 
least when she is below it; and quite the revers<‘ when the E^th's 
avis declines fh>m her; but in Uith casi‘s at eijual intervals of 
tunc When the J^Iarth's avis iiiehnes .sidewise to the Moon, 
both tides are equally high, but they hapficn at unequal intervals 
of tune In e\er> lunation the Eaith's avis inclines once to the 
Moon, oiieefroin hei, and twice sidewise toiler, as it does to the 
Sun every vear, because the goes round the ecliptic every 
month, and the Sun hut once in a year. In summer, the Earth's 
axis inclines towards the Moon w hen new ; and, therefore, tlie 
day-tides in the north ought to he highest, and night-tides lowest 
about the change: at the full the reverse. At the quarters they 
ought to Ik* equally high, but unequal in their returns: liccaiise 
the Earth's axis then inclines sidewise to the Moon. In winter 
tlie phenomena arc the some at full moon as in summer at new. 
In autumn, the Earth's axis inclines sidewise to the Moon when 
new and full; therefore the tides ought to be equally high and 
unequal in their returns at these times. At the first quarter the 
tides of flood should be least when the Moon is above the hori¬ 
zon, greatest when she is btiow it, and the reverse at her third 
quarter. In s})ring, the phenomena of the first quarter answer 
to those of the third quarter in autumn, and vice versa. The 
nearer any time is to either of these season^ the more the tides 
}>urtake of the phenomena of these seasons; and in the middle 
Iictwcen any tw'o of them, the tides are at a mean state between 
those of both. 
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ferent places, 
and why. 


CH. 

.. , 308. In open wtti^ the tides rise but to very snudl 

nliythehdrs 

risehiidierin neigli|p ID propoition to what they do in wide- 
“ mouthed rivers opening in die direction of the 
stream of tide. For, in channels growing nar¬ 
rower gradually, the water is accuiinilated by the npjxisition 
of the contracting bank. Like n gentle Mind, little felt on 
an open plain, but strong anil bri^k da a stivet; es|U‘ciully if 
the M'ider end of the street lx* next the plain, and in the way 
of the wind. 

309- The tides are so retarded in their passage 
through different shoals and channels* and other- 
M'lse so variously affected In striking against cajies 
and lieadkiiuK that to different jilaee** they hnpfien 
at all distances of the Moon from the nienihun; eon- 
swjuently at all hours of the luimr day. The lido 
propagntiHl by the Mikhi iu the (German ocean, Mhen .she is 
three hours jiast the nieridi.in, takes 12 hours to eome from 
thence to London bridge, Mhere it airixos by the time that a 
lU'M' tide is ruist‘d in the ocean. And, therefore, mIu'Ii the 
MiKin has north deeliiiatiun, and mc should expivl the tide at 
London to be greatest Mheii the Moon is alxnc tlie liori/on, 
we find It is least, and the eoiitrars mIicii she has south decli¬ 
nation. At several places it is high water 3 liours 1a>i’ore the 
Muon comes to the meridian; hut that tide Minch the Mimmi 
pushes, as it M'crc, before her, is only the tide opposite to that 
which M’as raised by her when she was 9 hours past the oppo¬ 
site meridian. 

The water There are no tides in lakes, bi'causc they are 

never nstes in generally SO small, that when the Moiui is vertical 
i.tkea. attracts every [»art of them alike; and, there¬ 

fore, by rendering all tlic water equally light, no part of it can 
be rused higher than another. The Mediterranean and Bal¬ 
tic seas have very small elevations, because the inlets by which 
they communicate with the oivan are so narroM', that they can¬ 
not, in so short a time, receive or discharge enough to raise or 
sink their .surfaces sensibly.’^ 


* It con eauly tie deiaonstratedf tlwt the height of tiir tides hi ainsU hcav is to 
their hiiglit in thu main ocean, aS the extent of the aniall sta from east to wcbt, is to 
Aetadius of the I^rth. This gives only a tide 1J inches high for the Caspian sea. 
M. D*Angot observed, that the tides at Toulon on the Meditenaneaa rose to the 
height of a f( ot about 3} houta after the Moon paaied the meridian— 
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^11. Air being lighter than water, and the siir- Mogg 
face of the at!nns})hcre being nearer to the Moon nuesudecin 
than the aiirfaee of the sea, it cannot be doubted that “'■ 
the Moon raises nnieh liighcr tides in the air titan in the sea. 
An(l, therefore, many have wondered wliy the mercury does 
not sink in the barometer, 'alien the IMoon's action on the par¬ 
ticles of air makes themdightcr as she pas.ses over 
the meridian. But we must consider, that as these mercury in 
particles are nndered lighter, a greater “wmber of 
them is accitmulcUcd, until the deficiency of irrasit^ KrtcJ b> the 
Ih' made op bt the height of the column, and then 
then'lo and, consequently, an cHjual pressure 

upon the inereur\ as before; so that it cannot Ijc afteetcnl by 
the aerial tides.’* 


f'HAP. XVIII. 

or rriirsrs— titfir kimrlr avd periods—a large cata- 

I.tK.FE OF ANCIENT AND MODERN LCLIPSES. 

SI 2. Kt 1 RY planet and .satellite is illuminated by a dudow, 
the Sun, and casts a shadow towai’ds that jioint of ****** 
the hea\ens which is opposite to the Sun. This shadow is no¬ 
thing but a privation of light in the space hid irom the Sun by 
the opaque body that intercepts his rays 

313. When the Sun's light is so intercepted by p^^ijpae, of 
the MiKm, that to any place of the Carth the Sun the Sun and 
appears partly or wholly covered, he is said to un- ■* * 

dergo on ellipse, though properly speaking it is only lui eclipse 
of that part of tlie Earth where the Moon's shadow or penum¬ 
bra^ falls. When the Earth conies between the Sun and Mexm, 
the Moon falls into the Earth's shadow; and, having no light 

^ The nifltence of aerial tides has been tendered very probable by the observations 
of rrnfeswr Toaldo of Padua. In a register of the barometer, kept for thirty yeant 
lie .<iddtd togcdicr all the heights of the mercury when the Moon aos in syzig}, when 
she was m quadiature, and when she was in the apogcal and perigeal points of her 
orbit The apogeal exceeded the perigeal hoghta by 14 mches, and die heights in 
syzigy exceeded those in quadrature by 11 indies. The diiierence in tiiese heights 
is sufficiently great to shew tliat the air is and compressad by the at¬ 

traction of the "Motm^Ed. 

* The penumbra is a faint kind of diadow all around the perfect shadow of tha 
idanet or sateSit^ and will bo mono fully explained Iqr and by. 
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of her own, she suffers :i rtjil eelipM’ from the interception t»f 
the Sun's rays. When the Sun i^ eeli[>sed to us, the Moon's 
inhabitants on the side nevt the Kartii (if any sueh tiiere be) 
see her shadow like a dark sjH)t truvclliiiff «)ver the hhirth, about 
tuiee as fust as its cH|U»toriaI |Ntrts move, and the same way us 
they move. When tlie ^foon is in an ivlip-s*, the Sun apjie.iis 
eclipsed to her, total to all tliose parK on which tiio I'aitli's 
shadow falls, and of as lun^^ eoiitiniianee as the\ are in the 
sluidow. 

A proof that JUi. That the Kurtli is s|)lu'ncnl (for the hills 
*nd iimre from tlu* rouiidiiess oV tin* M.irili, 

arc glubulu tliuii quills of ilust (K) froiU the I’oinidiie'oN of a coiii- 
iiion o|(»Ih>), evident I'roni the fi«j;ure of its shadow 
on the Mixm, which isahva\s iHiiinded !)> a tireul.ir line, al- 
tlioiijsli the Kartli i.s incessantly turning its difleieiit sides to 
the Moon, and ver\ seldom shews the same sitie to lier in dif¬ 
ferent eclipses, because tlie\ setdoin liapjx-n al the same hours. 
Were the Kortli shaped like a round flat plate, its shadot*' 
w’ould only Ik* cireular when either of its .snUs diiettly faced 
tlu'Mcxni; aiid more or less elliptical as the K.irlh ha|)piUid 
to be turned mure or leas ohlupiely towanls the Mchui uhtri 
she is eclip.sed. The Motm’s difiereiit phases j)ro\e her t<i he 
round (§ So4); for, a.s she keeps still the same side towards the 
Earth, if that side w'ere flat, us it ap|)ears to he, she would iicmt 
be >iMble from the third ipiarter to the first; and from the fir<>t 
quarter to the third, she would ap|K‘ar as round as when we 
say she is full: iKrause at the end of her first (piarter, the Sun's 
lij{lit would eoine us suddenly on all her side next the Kaith, 
as it does on a flat wall, and ttff as ahrujitly at the end of 
her third quarter. 

Andthatthe ^* *^*^“ Earth and Siin w'erc equally big, the 

Sun is much Eartli'.i siiuduw would he infinitely extended, and 
Sw^rth” i Mars, ill either 

and the Moon of its hihIcs, and o{qx>.site to the Sun, would he 
much lefcs. eclipsed in the Earth's shadow. Were the I'anli 
bigfver than the Sun, its shadow* would increase in hulk the fur- 
tlicr it extended, and would eclipse the great planets Jupiter 
and Saturn, with ail their moons, when they were ojqKisite 
to the Sun. But a.s Mars, in opposition, never fUll.s into 
the Earth's shadow, although he ik nut then above 42,000,000 
of milejf from the Earth, it is plain that the Earth i.s much 
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les,s than the Snii; for, oth»*rwi-v, it > sliuiow couhl not oiid 
in a point at so small a liistamv. If the Sun and Moon 
were equally bi«», the Moon’s shadow would go on to the 
Earth with an eijual breadth, and eo\cr a portion of the Earth’s 
sur’riiee more than 2000 miles bro.iil, men il' it fell directly 
against the Eiirlli\ e^'iitre, as seen from the Moon, and much 
more if it fell ol)liqueI\ on the Earth: but the Moon’s shadow 
is seldom I-IO niil'*s hioad at the Earth, unless when it falls very 
ohh([nei\ on the Earth, in total eehpses ofthe Sun. In annular 
eelip-es. the Moon's real shadow ends in a ])omt at somo dis¬ 
tance Iroin tjie E.irih. Tin* Moon's small distance from the 
Earth. :md the sliortness of Iter shadow, jmue liei l«> Iv Jess 
than thi Sun And a'- the Ei.irth's .sJiadow is large enough to 
ivner till* Moon, if her diameter were ti times as large as it is 
(whicii is i \ulenl frohi herlon*; continn.mee in the shadow when 
she goes through its eeiilre), it is jilaiii that the Earth is much 
big.'i I than the Mihui. 

;)1() ’rhougli all o])ai{lie bodies on wliieh the Sun 

•limes hi\e their sliatlows, u«t siieh is the bullvof the jiiatun ™ver 

Sun, and the distames of the idanets that the iin- pflips^onean- 
I I 1 » ^ • t'tliei’- 

mar\ jilaiu'ts can ne\er eclijise one anotluT. A pri- 

mar\ can eclijise only its hccoiidaiw, or be eclqiscd by it; and 

ne\u but when m opjiositioii or ennjunetioii w'ith the Sun. The 

priniar\ {linnets are \erv seldom in these {losilions, but the Sun 

and .Moon are so e^ery month: whence one may imagine that 

these two himinarios should lie eclipsed c\erv month. Hut there 

are few eclipses in resjH*ct of the number of new’and full moons; 

the reason of which we shall now explain. 

317. If the IVIoon’s orbit were coincident w’iih the 
plane of the eclijitic, in which the Elarth ahray.s mo\ es, are so tew 
and the Sun njijioars to move, the Mikhi’s .shadow 
would fall iijion the Earth at every change, and eclipse the 
Sun to some jiarts of the Earth. In like manner the Muon 
would go tinough the middle of the Earth's shadow’, .md 
be eelijised at every full; but with this difference, that she 
w’ould be totally darkened for alxivc an hour and a hall'; where¬ 
as the Sun never was aliovc four minutes totally eclipsed by 
the intei’jiosition ofthe Moon. But one lialf of the The ]Moon*a 
McKiii’s !H’bit is elevated 5\ degrees above the eelip- 
tic, and the other half as much depressed below it; conse¬ 
quently the Moon’s orbit intersects the eidiptic in two ojiposite 
points, called the MotnCs NodeSy as has been already taken 
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notice of, § S88. Wlien these points are in a right line wjth 
tho centre of the Sun at new or full moon, the Son, Mdbn, and 
Earth are all in a right line; and if the Moon be then new, her 
diadow falls upim the Earth ; if full, the EarUi^s bhadf>fr falls 
upon her. When the Sun and Moon are more than 17 degrees 
Unht of ftnm either of the nodes at the time of conj unction, the 

Moon is then generally tcwjiigh or to(» low in her or¬ 
bit, tocast any part of her shadow upon the Earth. Ami w hen tlie 
Sun is mcme than 12 degrees from either of the nexfos at the time 
of full moon, the Moon is generally Urn high or t<x) lox in her or¬ 
bit to go through any part of the Eartli's shadow; and in ImaIi 
these cases there will be no eclipse. But when the Mtam is 
less than 17 degrees from either node at the time of coii junctit)ii, 
her shadow or penumbra falls more or less n|X)n the Eiotli, as 
she is more or less within this limit.* And when she is less than 
12 degrees from cither node at the time of ojiposition, she gfx's 
through a greater or less portion of the Earth’s shadow us she 
is more or less within this limit. Her orbit contains 3(»0 Je- 
grees, of which 17, the limit of solar eclipiX's on either side of 
the nodes, and 12, tlie limit of lunar eclipses, are but small jN>r- 
rions: and as the Sun commonly passes by the nudes but tuiee 
in a year, it is no wonder that we Iwre so many new and full 
moons without eclipses. 

X. illustrate this, let jf i? C /> be the ecMpfiCf R S 

TUK circle lying in the same plane with the ecliptic, 
and VWXY the MoorCa orhttf all thrown into an «d>liqiie view, 
which g^ves them an eiliptical riiape to the eye. One half of 
the Moon's orbit, as V WX, is always below the ecliptk:, and 
the other half X TV above it. The points V and AT, where 
'the Moon's orUt intersects the circle RST l\ which lies even 
with the edipric, are the MoonCa nodes; and a right line, as 
XEV, drawn, from one to the other, through the Earth's centre, 
liBear«b» colled the lAne of the Nodes, which is carried aU 
' most parallel to itsdf round the Sun in a year. 

If the Moon moved round the Earth in the orbit RSTU, 
whidi is ooinddeot irith the plane of the ecliptic, her riiadow 
would fall upon the Earth every time she is in eonjunrtion wiUi 
the Sun, and at every oppontion she would go through the 

* Him sdoiittofMnns Tsristioiii fin, in <;pq(sal sdipiMidietalv liniirabnt ie| 
dqpMB; Hid e^pHiitis 18|. 'WImb the fttU Moon is in her qigfw, 

She wiU be fdliiHd ifehe be widtfai IC) degtaesaf ^ aodst end irfieneheisfiillbi 
her jMrifMt ahe viD be ecUpeed if ibe be vUUd 12^ ^egnee etf the'ande. 
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Earth's diadow. Were this thccase, the Sim would be edipted 
at every change, and the Moon at every full, as already mendcnied. 

But although the Moon's shadow N must fall ufxm die Earth 
at a, when the Earth is at E, and the Moon in conjunctiim with 
the Sun at t, because she is then very near one of her nodes; 
and at lier opposition n she must go through the Earth's shadow 
/, because she is then neu* the other node; yet, in the time that 
she goes round the Earth to her next change, according to the 
order of the letters JC Y V IK, the Earth advances from E to e, 
according to the onlcr of tlie letters E F G H, and the Ime of 
the nodes vhx being carried nearly paralld to itself, brings 
the pmnt f of the Moon's orbit in conjunction with the Sun at 
that next change, and then the Moon being at ^ is too high 
above the ecliptic to east her shadow on the Earth; and as the 
Earth is still moving forward, the Moon, at her next opporition 
will be at gf, too far below the ecliptic to go dirough any part 
of the Earth's shadow; for by that time the point g will be at 
a considerable distance from the Earth as seen from the Sun. 

When the Earth comes to the Moon in conjunction with 
the Sun Z is nut at A', in a plane coincident with the ecliptic, 
but above it at in the highest part of her orbit: and then the 
|)oint h of her shadow O goes for above the Earth (as in Fig. 
which is an edge \ieH ut Fig. 1). The Moon at her next op¬ 
position is not at o (Fig. 1), but at H^, where the j ^ 
Earth's shadow goes far above her (a» in Fig. 2). 

In lx>lh these cases the line of the nudes V F X (Fig 1) is about 
90 degrees from tlie Sun, and both luminaries ore as far as pos¬ 
sible from the limits of eclipses. 

When the Earth has gone half round the ecliptic from E to 
G, the line of the nodes K 61 A*' is nearly, if not exactly directed 
towards the Sun at Z; and then the new moon I casts her sha¬ 
dow F on the Earth G; and the full moim p goes through the 
Flarth's shadow L; which brings on eclipses agaui,as when the 
Earth was at E, 

When tlie flarth comes to ff, the new Moon falls not at m 
* in a plane coinddeut with the ecliptic C 2>, but at W in hor 
orbit below it: and then hor shadow (see Fig. 2) goes far 
below the Earth. At the next full she is not at y (Fig. I), but 
at K in her orlnt 51 degrees above q, and at her greatest hdght 
above the ecliptic C D; being then as far as possibly, at any 
oppoution, ftom the Earth's shadow if (as in Fig. S). 
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So, when the Earth is at E and Gr, the Moon is about lier 
nodes at new and full; and in her greatest north and itouih dr- 
elination (or latitude, as it is generally called) from the cclipuc 
at her quartern: but when the Earth is at F or the Moon 
is in her greatest north and south declination from the ecliptic 
at new and full, and in the noika alxnit her quarters. 

318. The point A' uliere the Mtxin's orbit crosses 
the ecliptic is ciillcd the Ascending nmlc^ Ins-ausc the 
The Moon's ^fjion ascendb from it alxne the eeliplie. ami the on- 
descending po.site point of intersection V is called tf^ Ihsccndhiff 
node, bccaii.se the ^loon descends from it below the 
ecliptic. When the Mexm k at K in the highest 
and south Is- point of her orbit, she is in hei greatest north 1aii~ 
titnde. tudci and when she is at W in the lowe.st |x»int tif 
her orbit, she is in her greatest »mth latitude. 

The nodes l*lsc the Earth’s .ivi-, 

hare u ntro- was carried parallel to Itself nuind the Sun, thue 
gfsdemuuon. ^ j|n, tfill] 11 net lolls 

of the Sun and nodes. But the males shift bnekwarti, or 
contrary to the Earth’s annual motion, 10^ dt'giies i\en 
year; and, therefore, the .same node comes round to the 
Sun 19 days sooner every year than on the \eor lx fore 
Consequently, from the time that the nsi*ending node A 
(when the Earth is bI E) passes by the Sun as seen fniiii 
the Earth, it is only 173 days (not lialf a year) till the de- 
Whichbring* scending node V passes by him. 'i'hercfore, in 
onthcccltpan whatever time of the year «c hn\e eclipses of the 
jemrAu^ejr luminaries about either node, we may lx* sure that 
^’uL^liad afterwards we shall have eclipses aixtut 

iKXauchaino- thc Other node. And when at any time of the ytar 
the line of the nodes is in the situation V G A, at 
the same time next year it will lie in the situation r G s; the 
ascending node ha\ing gone backward, that is, contrary to the 
order of signs, from A to a, and the descending nixie from V 
to r, each 19^ degrees. At this rate the nodes shifl through 
all the signs and degrees of the ecliptic in 18 years and 225 
days; in which time there would always be a regular period of 
eclipses, if any complete number of lunations were finished 
without a fraction. But this never happens; for if both the 
Sun and ^Moon should start from a line of conjunction wdth 
either of the nodes in t(oj point of the ecliptic, the Sun would 
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perform 18 annual revolutions and 22S” over and above, and 
the Moon 230 lunations, and 83 degrees of the 231st, by the 
time the node came round to the same point of the ecliptic 
again: so that the Sun would then lie 138 degrees from the 
node, and the Moon 85 degrees from the Sun. 

320. But in 223 mean Junutioiis, after the Sun, a period nf 
Moon, and nudes, hav^bcen once in a line of con- 
junction, they return so nearly to the same state again, a& tliat 
the Slime iknIc, which uas in conjunction with the Sun and 
Afooii at the beginning of the first of these lunations, will lie 
within 28' }ftS* of a degnv of a line of conjunction with the Sun 
and Moon again, when the last of these lunadons is completed. 
And, therefore, in that time there will be a regular jieriod cd* 
iKilipses, or return of the same eclipse for many ages. In this 
period (which was first discovered by the Chaldeans) there arc 
18 Julian years 11 days 7 hours 43 minutes 20 seconds, when 
the la«>t day of February in leap-years is four times included ; 
but wlien it is five limes included, tiie period consists of only 
18 years 10 day.? 7 hours 43 minutes 20 soctmds.® Conse- 
ijiiently, if to the menu time of any eclipse, cither of the Sun 
or Mmiii, you add 18 Julian ye;u‘s 11 days 7 hours 45 ininutes 
20 seconds, when the lu.st da} of February in leap-years conics 
in four times, or a day less when it comes in five times, }ou 
will have the mean time of the leUirn of the same eclipse. 

But tlie failing liaeic of the line of conjunctions, or opptm- 
tions of the Sun and Moon 28' 12'* with respect to the line of. 
the nodes in escry pcrncxl, will wear it out in process of time; 
and after that it will not return again in less than 12,492 
years. These eclipses of tlie Sun, whicli happen about the 
ascending node, and begin to come in at tlie nortli {wle of the 
Karth, will go a little southerly at each return, till tliey go quite 
off the Earth at the south pole; and tliose w hich happen about 
the descending node, and begin to come in at the suutli pole of 
the F<arth, will go a little northerly at each return, till at last 
they quite leave the Earth at tlie north pole. 

To exemplify this matter, we shall first consider the Sun's 
eclipse, March 2lsi old style (April 1st new style) a. n. 176*4, 

* By computing tliit period fitom the new eolar taUei of De Lantbrc, founded on * 
Dr. Alatkclyne'i obbervetiona, and ftom the tables of Afayer as improved by Afason, 

11 will amount only to 18 years 11 days 7 hours 42 minutes 31 seconds, and Uie 
Sun's distancsAciw Afoon’s node will be SIS' * 
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Booording to its mei|i resolutions, witliout equating the times, 
or the Sun's distance frcun the node, and then acoor^ng to its 
true equated times. 

This ecUjpse fell in the open space at each return, quite clear 
of the Eardi, ever nnee the creation till a . d. 1895, June ISth 
old style, at 18 hours 53 minutes 59 seconds pott meridiem^ 
when the Moon's shadow first touched the Earth at the north 
pole, the Sun being then IT 48' 2T' from the ascending node. 
—In each period since that time, the Sun has come 38' 13f' 
nearer and nearer the same node, and the Moon's shadow has 
therefore gone more and more southerly. In the year 1963, 
July IStli <dd style, at 10 hours 86 minutes 31 seconds p. m. 
when the same eclipse will have returned‘88 times, the Sun will 
be only 24^ 45" from the aiicending node, and the centre of the 
Moem's shadow will fall a little northward of tlic Earth's centre. 
—^At the end of the next following period, a. d. 1980, July 
28th old style, at 18 hours 19 minutes 41 sccondh p. ui. the 
Sun will have receded back S' 37" from the ascending nude, 
and the Moon will have a very small degree of southern lati¬ 
tude, which will cause the centre of her shadow* to juiMt a very 
small matter south of the Earth's centre. After which, it) 
every following period, the Sun will be 38' 13" farther hack 
from the ascending node than in tiiejicritxl last before; and the 
Moon's shadow will go still farther and farther southward, until 
September 13th old style, at 38 hours 46 minutes 33 .seconds 
.p. m. A. n. 2665; when the eclipse will have completed its 77th 
periodical return, and will go quite off the Earth at the soutli 
pole (the Sun being then IT 55' 33" back frean the nude), and 
it cannot come in at the north pole, so as to begin tlic same 
course over again, in less than 13,493 years afterwards. And 
such will be the case of every other eclipse of the Sun: for as 
there is about 18 degrees on each side of the luxle within which 
there is a possibility of eclipses, their whole revolution goes 
thsough 86 degrees about that node, which taken from 860 de¬ 
grees, leaves remaimng 824 d^ees for the eclipses to travel tn 
eapanaum. And as this 36 degrees is not gone through in less 
than 77 periods, which takes up 1888 years, the remaining 334 
degrees cannot be so gone through in less than 13,493 years. 
For, as 36 is to 1888, so Is 324 to 13,492. 

321. In order to shew both the mean and true times of the 
returns of this eclipse, through all its periods, together with the 
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mean anomalies of the Sun and Moon, at each Tetiirn, and the 
mean and true distances of the Sun frcHii the Moon's ascending 
node, and tiic Moon's true latitude at the true time of each near 
moon, 1 have cdculated the folloaing tables for the sake of 
those who may choose to |>rqject this eclipse at any of its re¬ 
turns, acairding to the rules laid down in. the 15th 'chapter, 
and have tlicrcby taken by much the greatest part of the trouble 
off their hands. All the times ore according to the old style, 
for the sake of a regularity which, with respect to the nominal 
days of tiie montha, docs not take place in the new: but by 
adding the Buy's difference of style, they arc reduced to the 
liiiies which agree with the new style. 

According to the mean (or supposed equable) motions of the 
Sun, Moon, and nodes, the Mexm's shadow in this eclipse 
would have first touched the Earth at the north pole, on the 
liilh of June a. d. 1295, at 12 hours 52 minutes 59 seconds 
jxist n(X)n on the meridian of London, and would quite leave 
the Earth at the south pole on the 12th of September, a. n. 
2(165, at 23 hours 46 minutes 22 seconds past noon, at the 
ciHnpletion of its 77th period, as shewn by the first and second 
tidjlc*. 

Ihit, on account of the true (or unequable) motions of the 
Sun, AliMHi, and node.s, the first coining-iii of this eclip.se, at 
the north |K>le of the Earth, was on the 24th of June a. t>. 
1313, at 3 hours 57 minutes 3 seconds past noon; and it will 
finally leave the Earth at the south pole on the 31st of July 
A. D. 2593, at 10 hours 25 minutes 31 semiids pa'tt noon at the 
completion of its 72d period, as shewn by the third and fourtli 
tables. So that the true motions do not only alter the true 
times fnnn the mean, but they also cut off five periods fi-om 
those of the mean returns of this eclipse, 
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of the Sun and Moon, and the Sim’s mean Distance from the Moon's 
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Table IT. Thr man Time of Nen' Mooa, with the mean Anomalies 
of the Sun anti Moon, and the Sun’s mean Dutancejrom the Moons 
Ascendinjr Node, at the Mean Time of each periodical Return of the 
Sun's Kriipse, March 21, \lfiAt,fro,n the mean Time ^ its falling 
right against the Earllfs Centre, till it finally I aues the Earthy 
act'oiding to the Julian or Old Style. 
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J'ablk JII. The tnie Time qf New Mam, with the Sun's true DU- 
lance Jhm Ike Moon's Ascending Nodst and the Moon's true iMti- 
iude, at the true Tme q^‘ each periodical Return ^ the Sun's 
Eclipsct March iil, (fid S{yle, a. d. l7Mt from the Time of its 
Jirst coining upon the Earth since ike Crro/ioiij tdl it falls right 
against the Earth's Ceulre. 


*9 * 

.|i 

'Su 

Sc 

8 -s 

True Time of New 
Moon. 

Sun’s true 
diet from 
the Nude. 

Moon’s tnie lati¬ 
tude, North. 

Month. 

D. u. M. a. 

a. 

• 9 H 

u / 

2)iorth. 

0 

1295 

June 

13 21 54 32 

0 

18 40 54 

1 33 45 

K. A. 

1 

1313 

June 

24 3 67 3 

0 

17 20 22 

1 29 34 

JSa 

tv 

m 

1331 

Julf 

5 10 42 8 

0 

16 29 35 

1 25 20 

S'. A. 

3 

1349 

Julj 

15 17 14 15 

0 

15 34 18 

1 20 45 

N. A. 

4 

1367 

Julj 

36 23 49 24 

u 

14 46 8 

1 16 39 

M. A. 

fi 

1385 

Aug. 

6 6 41 17 

0 

13 59 43 

1 12 43 

N. A. 

6 

1403 

Aug. 

17 HI 32 19 

0 

13 16 44 

1 9 3 

K. A. 

7 

1421 

Aug. 

27 20 30 17 

0 

12 37 4 

1 5 42 

ir. A. 

8 

1430 

Sept. 

8 3 51 46 

0 

12 1 54 

1 2 41 

K. A. 

9 

1467 

Sept 

18 10 23 11 

0 

11 30 27 

0 58 53 

X. A. 

10 

1475 

Sept 

29 17 67 7 

0 

11 3 56 

0 57 43 

K. A. 

11 

1493 

Oct. 

10 1 44 3 

0 

10 41 55 

0 .55 49 

A* 

12 

1511 

Oct 

21 9 29 53 

0 

10 25 11 

0 .14 28 

X. A. 

13 

1529 

Oct 

31 17 9 18 

u 

10 11 27 

0 .13 12 

A> 

14 

1547 

Nov. 

13 0 51 25 

0 

10 1 10 

0 52 19 

As 

15 

1.565 

Nor. 

22 8 54 56 

0 

9 52 49 

0 51 46 

N. A. 

18 

1583 

Dec. 

3 16 48 17 

0 

9 48 4 

0 51 11 

X. A. 

17 

16U1 

Dec. 

14 0 51 6 

0 

9 43 42 

0 50 49 

K. A. 

18 

1619 

Dec. 

25 8 54 59 

0 

9 40 23 

0 50 31 

X. A. 

19 

16.18 

Jan. 

4 16 56 1 

0 

9 34 57 

0 50 3 

K. A. 

30 

1656 

Jan. 

16 0 54 41 

0 

9 29 24 

0 49 57 

X. A. 

21 

1674 

Jan. 

26 8 48 24 

0 

9 19 44 

0 48 44 

X. A. 

22 

1692 

Feb. 

6 16 36 28 

0 

9 8 58 

0 47 49 

X. A. 

23 

1710 

Feb. 

17 0 8 37 

0 

8 54 20 

0 46 44 

X. A. 

24 

1738 

Feb. 

28 7 43 40 

0 

8 34 53 

0 44 52 

X. A. 


1748 

March 

10 15 14 33 

0 

8 10 38 

0 42 46 

X. A. 

26 

1764 

March 

20 22 30 26 

0 

7 42 14 

0 40 18 

X. A. 

*7 

1782 

April 

1 5 37 4 

0 

7 9 27 

0 37 28 

Ns A* 

28 

1800 

April 

11 12 36 .18 

0 

6 35 30 

0 34 31 

X. A. 

29 

1818 

April 

22 19 27 .14 

0 

5 51 48 

0 30 43 

X. A. 

80 

1830 

Alar 

3 2 12 7 

0 

5 5 5 

0 26 40 

X. A. 

31 

1864 

May 

14 8 50 40 

0 

4 19 45 

0 22 42 

X. A. 

32 

1872 


24 15 28 15 

0 

3 26 .1 

0 18 1 

X. A. 

.13 

1890 

June 

4 22 8 0 

0 

2 35 5 

0 13 34 

X. A. 

34 

1908 

June 

15 4 38 23 

0 

1 41 43 

0 6 54 

Ns As 

36 

1926 

June 

26 11 13 5 

0 

0 47 38 

0 4 10 

X. A. 


On acijount of the difTcrencei* between the mean and true 
new Moons, and between the Suifs mean and true distances 
from the node, the Moon^s shadow falls even with the Earth's 
pciitre two periods sooner in this Table than in the first. 
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Table IV. The true Time of J^ew Mom, with the Sim's true Dism 
tance from the Moon's Ascending Node, and the Moon’s true Ledi^ 
tude at each periodical Return of the Sun’s Eclipse, March 21, Old 
Stjjfle, A. D. 1764, from itsfaUing right against the Earths Centre, 
iiil it fnally leaves the Earth, 


Periodical 

lieturni. 

V 
c J 

C - 

True Tune of Xew 
Moon. 

Sun*s true 
Diet, from 
the Node. 

Moon'e true La¬ 
titude South. 

Month. 

D. 

H. 

M. 

8. 

a. 

• * es 

• i St 

South. 

MM 

1944 

July 

.6 

17 

SO 

35 

11 

29 66 28 

0 0 24 

s. 

Aa 


1902 

July 

18 

0 

31 

38 

11 

29 2 36 

0 6 2 

s. 

Aa 

El 

19U0 

July 

28 

7 

18 

63 

11 

28 11 32 

0 0 29 

8. 

A* 

Kfl 

1998 

Aug..* 

8 

14 

12 

22 

11 

27 26 41 

0 13 25 

8. 

A. 

40 

2010 

Aug. 

18 

21 

14 

63 

11 

26 42 16 

0 17 18 

8. 

A* 

41 

2034 

Aug. 

30 

4 

25 

45 

11 

26 2 0 

0 20 48 

8. 

A. 

42 

3052 

Sept. 

9 

11 

45 

rj 

11 

25 26 46 

0 23 53 

8. 

Aa 

43 

2070 

Sept. 

20 

19 

17 

26 

11 

24 65 4 

0 26 39 

8. 

A. 

41 

.'088 

Oct. 

1 

2 

57 

8 

11 

24 27 43 

0 28 58 

S. 

Aa 

4o 

2106 

Ort. 

12 

10 

47 

39 

11 

24 4 38 

0 31 2 

8. 

Aa 

40 

2124 

OcL 

23 

18 

37 

40 

11 

23 48 28 

0 32 26 

8 

Aa 

47 

2142 

Not. 

3 

2 

56 

19 

11 

23 35 11 

0 33 53 


Aa 

40 

2100 

Nov. 

13 

11 

11 

20 

11 

23 22 22 

0 34 42 

8. 

Aa 

49 

2178 

Nov. 

24 

19 

36 

14 

11 

23 18 57 

0 35 0 

8. 

Aa 

fiO 

2196 

Dec. 

6 

4 

4 

9 

11 

23 14 40 

0 35 22 

8. 

Aa 

01 

2214 

Dee. 

16 

12 

35 

48 

11 

23 10 43 

0 35 43 

8. 

A. 

62 

2233 

Dee. 

26 

20 

29 

9 

11 

23 6 47 

0 36 1 

8. 

A. 

63 

2261 

Jan. 

7 

5 

42 

9 

11 

23 4 27 

0 36 16 

8. 

Aa 

64 

2269 

Jan. 

17 

14 

14 

8 

11 

23 0 41 

0 36 35 

8. 

Aa 

66 

2287 

Jan. 

28 

22 

43 

34 

11 

22 53 68 

0 37 10 

8 

A. 

60 

2305 

Feb. 

8 

7 

8 

30 

11 

22 44 44 

0 37 59 

8. 

Aa 

67 

2323 

Feb. 

19 

15 

7 

10 

11 

22 31 1 

0 39 8 

8. 

A. 

60 

2341 

March 

3 

0 

6 

5 

11 

22 17 46 

0 40 28 

8. 

Aa 

69 

2369 

March 

13 

7 

59 

17 

11 

21 56 29 

0 42 9 

8. 

A* 

■ns 

2377 

March 

23 

15 

61 

59 

11 

21 39^ 

0 43 4i 

8. 

A. 

01 

2396 

April 

3 

23 

46 

7 

11 

21 0 53 

0 46 68 

8. 

A. 

02 

2413 

April 

14 

7 

33 

40 

11 

20 26 22 

0 49 48 

8. 

A. 

03 

2431 

April 

25 

16 

12 

67 

11 

19 47 34 

0 53 17 

8. 

Aa 

04 

2449 

Maj 

5 

22 

45 

14 

11 

19 6 22 

0 66 50 

8. 

A. 

66 

2407 

May 

17 

6 

17 

30 

11 

18 21 16 

1 0 40 

8. 

Aa 

mm 

2486 


27 

13 

46 

29 

11 

17 34 20 

1 4 42 

8. 

A. 

67 

2503 

June 

7 

21 

10 

31 

11 

16 43 17 

1 9 3 

8. 

A. 

68 

2521 

June 

18 

4 

24 

42 

11 

15 51 48 

1 13 26 

8. 

Ai 

■?m 

2530 

tTune 

29 

11 

58 

48 

11 

15 1 12 

1 17 43 

8. 

Aa 

70 

2657 

July 

9 

19 

24 

7 

11 

14 9 18 

1 22 6 

8. 

A. 

71 

2576 

July 

*21 

2 

62 

34 

11 

13 19 22 

1 26 16 

8. 

A. 

72 

2593 

July 

31 

10 

25 

31 

11 

12 13 43 

1 31 44 

I. 

A. 

73 

2011 

Augi 

11 

17 

68 

39 

tl 

11 45 13 

1 38 13 

1. 

A. 


By the trae motions the Sun, Moon, and nodes, this 
eclipse goes off the Earth four periods sooner than it would 
have don^ by mean equable motions. 
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From Mr * iilustrole this a little farther, wc shall exv- 
Ct. Smith’s mine some of the most I’emarkable circumstances of 
returns of the eclipse which hap)>em>tl July 14, 
1748, alxjiit ntKHi. This eclipse, aller traversin^r 
the voids of space from the creation, at lost lx.>^i to eutir the 
Terra Australis Iiicoj^nita, alxnit 88 years after the ('oi><}iie'>t, 
which was the last of Kinj; Stephen's reij^n; t^e*•v Clmltlcnn* 
pcritxl it ha*« crept more northerly, hut Has still iiiMsihle la 
Britain before the ^car 16i!2, when, on the clOth of April, it 
began ti> touch the south jiarts of England alniut in the 
afternoon, its central appearance rising in the Anierican South 
seas, and traversing Peiii and the Ainaxon'i couiitr\, through 
the Atlantic ocean into Africa, and setting in the Ethiojiiati 
continent, not far from the beginning of the Kc'il M'a. 

‘ Its next \isiblc peritxl nas after three Chaldean re\olu- 
tions in 1676, on the 1st of June rising central in the Atlantic 
ocean, jiassing us alNmt 9 in the morning, aith four digits' 
eclipsed on the under limb, and setting in the gulf of ('oi liiii< 
china in the East Indies. 

* It being now near the soKticc, this eclipse was \ isible the 
very next return in 1694, in the evening; and in two periods 
more, which was in 1760, on the 4th of July, was s<‘eii almve 
half eclipsed just after sun-rise, and observed both at Wir- 
tenibcrg in Germany, and Pekin in China, soon after which it 
went o61 

* Eighteen years more afforded us the eclipse w hich fell on 
the 14th of July 1748. 

* The next visible return will hap{>cn on July S6,1766, in 
the evening, about four digits eclipsed; and after two periods 
more, on August 16, 1802, early in the morning, alwut five 
di^ts, the centre coming from the north frozen continent, by 
the capes of Norw'ay, through Tartary, C'hina, and Japan, to 
the Ladrone islands, where it goes off! 

* Again, in 1820, August 26, (SeptemlKT 7tli, N. S.) be¬ 
twixt one and two, there will he another great eclipse at Lon¬ 
don, about 10 digits; hut happening so near the equinox, the 
centre will leave every port of Britain to the west, and enter 

* The above period of 18 yean 11 dayi 7 houn 43 minutes 20 second*, nhuh 
wee found out by the Chaldeans, and by them celled Surot. 

^ A di^ is a twelfth pert of the dumetcr of tlw Sun or Moon. 
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Germany at Enibclcn, fiassing by Vcrocp, Naples, Grand Cairo, 
and set in the ^uU* of Biissom, near that dty. 

* It will Ik' no more visible till 1874, when five di^ts will 
be ob»>curcd (the centre being now about to leave the Earth)« 
on September S8. Iii 1893 the Sun will go down eclipsed at 
London, and again in 1938, the pojvsage of the centre will lie 
ill the ex]):msuni, though there will be two di^ts eclipsed at 
London, (MulK'r the 31st of that year; and about the year 

*3099 the uholc penumbra uill lie wore off; whence no more 
returns of this ccli|)sc cun happen till afler a revolution of 
10,900 years* 

* From t'lie'io remarks on the entire revolution of this eclipse, 
we may gather, that a thousand years, more or less (for tliere 
are vane irregularities that may protract or lengthen this pc- 
ri»Kl 100 years) cuinjilete the whole terrestrial phenomena 
of liny Miigle eclipse; and since 20 periods of 54 years each, 
and about 83 days, comprehend the entire extent of their re< 
volution, it is evident that the times of the returns will pass 
tlmnigh a circuit of uue >ear and ten inontlis, every Ciialdean 
period iKMiig 10 or 11 days latiT, and of the ecjuable appear¬ 
and's alamt 33 or 33 days. Thus, though this eclipse haji- 
]UMis alxiiit thd middle of‘ J uly, no otlier subsequent eclijjse of 
this period will return to the middle of the some month again; 
but wear constantly each period 10 or 11 days forwaixl, and at 
last np^ieuT in winter, but then it begins to cease from uifect- 
111$; us. 

Another conclusion from this revolution may be drawn, 
tliat there will seldom be any more than tw'o great eclipses of 
the Sun in the interval of this period, and these follow soiius. 
limes next return, and often at greater distances. That of 
1715 returned agmn in 1733 very great; but this present 
eclipse will not be great ull the arrival of 1830, which is a re¬ 
volution of four Chaldean periods; so that the irragularitics of 
their circuits must undergo new compulations to assign them 
exactly. 

. * Nor do all eclipses come in at the south pole: that depends 

altogether on the position of the lunar nodes, which will bring 
in as many from the expansum one way as the other: and 
such eclipses will wear more southerly by degrees, contrary to 
what happens in the present case. 

* The ellipse, for example, of 1736, in September, luid its 
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centre in the expensum, and set about tlie middle of its obscu¬ 
rity in Britain; it will wear in at the north pole, and in the 
year 8600, or thereabouts, go off in the expansum on the soiitli 
side of Uie Earth. 

* The eclipses, therefore, which happened alxnit the crea¬ 
tion, are little more than half way yet of their etlierenl circuit, 

and will be 4000 years before they enter the Earth any more. 

• • • 

This grand revolution seems to have been entirely unknown to 
tlie ancients. 

Whyoarpit!- 3^- * It is particularly to lie noted, that eclip 5 .es 
MDt tables do whicli have happened many centuries ago, u ill nut 
with he found by our present tables to agree exactly with 

observstionB. andcnt obser\'ations, by reowm of the great anoma¬ 
lies in the lunar motions; which appears an iiiumtestabie tlo- 
monstratimi of tlie non-etemity of the uni\erse. For it scents 
confirmed by undeniable pnxtfs, that Uic Moon now finishes 
her peritxl in leas time than formerly, and will continue by the 
centripetal law to approach nearer and nearer tlie Earth, and to 
go sooner and sooner round it: nor will the centrifugal jxtuer 
be sufficient to compensate the differcnl gravitations of such an 
assemblage of bodies as constitute the solar system, Hhich would 
come to ruin of itself (sec § 166, Note), withdut some new 
regulation and adjustment of their original motions.^ 

* Tbere are two andcnt ecUpaes of the Moon, recorded bp Ftolemp from Hip. 
pardiua, which afford an undaniaUe proof of die Moon’s acceleration. The first of 
these was observed at Babylon, Oecembo- the 22d, in the yrar before Christ 38.3 { 
when the Moon began to be edSpsed idiovt half an boor before the Sun rose, and 
theeclipse waa not over before the Moon set: but by moat of our astronomical tables, 
the Moon was set at Babylon half an hour before the edipae began; in ubich ease, 
there eoidd have been no posailMihy of observing it The second edipse was ob. 
■erved at Aleundria, Se ptember the 22d, the year before Clirist 201; where the 
Moon rose ao much edipsed, that die edipae must have begun about half an hour 
beforaahe loaei wbeteaa, by moat of our tables, the bcginnliig of this eclipse was not 
till about ten minutes after the Moon roce at Aleaandiia. Had these eclipses be- 
gun and ended while the Sun was below the horison, we might have imagined, that 
as the andenia had no certain way of mcaanring tfane, di^ mi^t have been so for 
mtsiakeoin the hoora, that we could not have laid any stress on the aooountc given 
by them. But, as in the firat edipae the Moon was let, and conseqnendy the Sun 
tiaen, bcibts it was over | and in the second edipae the Sun waa set and the Muon 
not risen, till some dme after it b^gan { theae an such eueumatanoes as the obaerven 
ewld net possibly be mistakao in. Mr. Struyk, in the fblhiwing catalogue, not- 
sHthetaading die espresa words of PtalwBy, pats down these two edipaea as observed 
at Athenst where di^ in%lit have beet) eon m above, without any aeodemdon of 
<he Meon'i ipodoo | Aifaoae being SO* weit nf Bdbykm, ud 7*west of Akxaidna. 
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Wc ate credibly hifonned frmn the testi. Hulei't 
many of the andenta, that there was a total eclipse 
of the Sun pmlicted by Thales to happen in the 4th year of 
the 48th Olympiad,^ either at Sardis or Miletus in Asia, where 
Thales then resided. That year corresponds to the 585th year 
before Clirist, when accordinj;ly there happened a very sig¬ 
nal eclipisc of the Sun oiv the 28lh of May, ant>wcfing to the 
present 10th of that mouUi," central through North America, 
* the south parts of France, Italy, &c. as far as Athens, or the 
i^les in the dSgean sea; which is the farthest that even the Ca¬ 
roline tables \arry it; and, consequently, make it invisible to 
any part of Asia in the total character; though I have good 
reason to believe that it extended to Babylon, and meiit down 
central o\ cr that city. We are not however to imagine, tliat 
it was set Ixiforc it parsed Sardis and the Asiatic towns, where 
the predictor lived; because an invi^ble eclipse could have 
lieen of no sci^ice to demonstrate his ability in astronomical 
science to his countrymen, as it could ^ve no proof of Us reality. 


7 IHadi Olymplml bcRan at the time of full moon next after the lanunet solttiee, 
and laitcd four yeaie, whiuh were of unequal lengtln, because the time of full moon 
dtiTers 11 days every year; ao that they inu;}it Bometimee begin on the next day after 
the Mdsticc, and at other timea not till four vecka after ib The first CHyminad be¬ 
gan 111 the year of tlie Julian perwd 383a, whidi was 778 years before tiie fiiat year 
of dirist, or 773 before the year of his birth; and tiic last Olyuipiad, whidi waa the 
293d, began ▲. s. 303. At tiie expiration of cadi (ll>iiipi.id, the Olympic games 
were edebrated in the Ucan fields, near the mcr Alpbtus in the Fch^nnesiu (now 
Murca) in honour of Jupiter CHjrmpus. See Strauchius’s Breviarium Chnmolo- 
gicuiii, pp. 247-2<tl. 

* The reader may probably find it difficult to understand uhy Mr. Smith diould 
reckon thu. edipse to have been in the fourth year of the 48th Olympiad, aa h was 
only in die end of the third year; and also why the 28ih of May, in the 586th year 
before Christ, should answer to the present lOlh of that month. But we hope the 
ftiUuwing ex|danatioa «iU rcmoie these difficulties. A 

The month of May (wlioi tiie Sun was erlipsed) in the 586tii year before the first 
year of Christ, which was aleap year, foil m the latter end of the third year of the 
4Uth Olympiad; and the fourth year of that Olympiad bqan at the summer adstioa 
following : but perhaps Hr. Smith begins the yean of the Olympiad from January, 
in order to make them correspond more leadiiy with Julian years; and* ao reckons 
the month of May, when the edlpso hiqipened, to be in ^ fourth year of that 
Olympiad. 

The plare or longitude of the Sun St that time waa b 29” 43'17^ tovhkhaame 
place the Sun returned (after 2300 yean, via.) a* »• 1716i May 9* 6** 3“ after 
noon I ao that, with ittpset to fiw Sun*B ]dace, tiie 9tii of May 1710 anawsia to 
the 28th of Mi^ in tin 586tii ytwr Mne the fint year of Christ; that is, the Soif 
liad the same log^tude OB bnth Slow daja. 

VOL I. 
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Thur 7 <lMlM'k SS4. * For a further illu!*tration, Thucydides |i*- 
latcs, that a solar eclipse happened on a summer's 
day in the afternoon, in the first year of the IVloponnesian 
war, so great that the stars appear^, Bhodius was victor in 
the Olyin|nc games the 4th year of the siud war, being also the 
4th of the 87th Olympiad, or the 428th yew before Christ. So 
that the eclipse must has'e happened ^in the 431 st year before 
Christ; and by computation it appears, that on the Sd of Au¬ 
gust there was a signal eclipse which would have jiassed o\er - 
Athens, central alxnit 6 in the evening, but which our present 
tables bring no farther Uian the ancient Syrtes on the African 
const, above 400 miles from Athens; which sufiering in that 
ease but 9 cUgits, could by no means d\hil)it the riiiiarLohle 
darkness recited by tliis hihtorian ; the centre, therefore, seems 
fo have passed Athens about 6 in the evening, and pruluibly 
might go down about Jerusalem, or near it, contrary to the 
construction of the present tables, I have only obviated thcs(‘ 
things by way of caulioii to the present astronomers, in recom¬ 
puting ancient eclipses; and refer them to examine the itrlipse 
of Nicias, so fatal to the Athenian fleet ;* that which overthrew 
the Macedonian army,' * 8ec. So far Mr. Smith. 

The autniMr 325. In any year, the number of eclipses of lx>th 
ofecUpMs. luminaries cannot be less than two, nor mc»rc than 
seven; the most usual number is four, and it is very rare to 
have more than six. For tlic Sun passes by both tlic nodes hut 
<incc a-ycar, unless he passes by one of them in the lieginniiig of 
the year; and if he dfx.'S, he will pass by the same node again 
a little Ixifore the year lx; finished; because, as these |xiints 
move 19s“ backward every year, the Sun will come to either 
of them 173 days after the other, § 319* And when either 
node is within 17 degrees of the Sun at the time of new moon, 
the Sun will be cclips^. At the subsequent opporitioii, the 
Moon will be eclipsed in the other node ;^and come round to 
the next conjunction again ere the former node be 17* post tlie 
Sun, and will therefore eclipse him again. When three eclipse's 
fall about rither node, the like number generally falls alxiut 
the opposite; as the Sun comes to it in 173 days afUnrwards; 
2Uid six lunations contain but four days more, Thus there 
may lie two eclipses of the Sun, and (me of the Moon, about 


* 3cAnc£3imt 41S, Anguftt 27. 


1 BfAxsCbriit 166, June 21. 
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eodi of her nodes. But when the Moon changes in either of 
the nodes, she cannot be«iear enough the other node at the 
next full to be eclipsed; and in six lunar months afterward 
she will change near the other nixie: in these cases there can 
be but two eclipses in a year, and they are both of the Sun. 

326. A longer period than the above-mentioned, § 320, for 
conipdring and examining eclipses which happened at long in. 
ter\als of time, U 557 years 21 days 18 hours SO minutes 11 

> seconds, in which time there arc 6890 mean lunations; and the 
Sun and node meet again so nearly as to be but 11 seconds 
distantbu^ then it is not the same eclipse that returns, as in 
the shorter period above meiitioncil. 

327. We sliall subjoin a catalogue of eclipses recorded in his¬ 
tory, from 721 years before Christ to a. d. 1485; of computed 
eclipses from 1485 (0 1700; and of all the eclipses visible in 
Europe from 1700 to 1800. From the beginning of the cata. 
loguc to A. n. 1485, the eclipses are taken from 
Strujk’s Intnxluction to Universal Geography, as 

that indefatigable autlior has, with much labour, col- “8 «»»**«««« 
lected them from Ptolemy, Thucydides, Plutarch, “''**^*‘*’ 
Calvisiiis, Xenophon, Diodorus Siculus, Justin, Polybius, Titus 
Livius, Cicero, Lucaiius, Theophanes, Dion Cassius, and many 
others. From 1185 to 1700 the eclipses are taken from Bic- 
cioliis'h Almagest: and from 1700 to 1800 from L'Art de ve¬ 
rifier Ics Dates. Those from Struyk have all the places men¬ 
tioned where they were observed: those from tlie Frencli au¬ 
thors, viz. the religious Benedictines of tlie congregation of St. 
IVIaur, are fitted to the meridian of Paris: and concerning those 
from Ricciolus, that author gives tll^ following account 

‘ Because it is of great use for fixing the cycles or revolutions 
of eclipses, to have at hand, without the trouble of calculation, 
a list of successive eclipses for many years, computed by authors 
of Ephemerides, altliough from taUes not perfect jn all respects, 
1 shall, for the bendSlt of astronomers, give a summaj^y collec^on 
of such. The authors I extract from are, an animymous one 
who published Ephemerides from 1484 to 1506 induave: 
Jacobus Ptlaumen and Jo. Stseflerinus, to the meridian of Ulm, 
from 1507 to 1584: Lucas Gauricus, to the latitude of 45”, 

* Acoending to the Istnt solar siid Innsr talilBS, this period is onljr 067 rm* SI 
dsjm 10 hours 4 minutes 47 sepoods, and the Suit's dutsneo firom the Mood's nodp 
is fully 1 ' 41*. See Leetam, voL ii, p. OSi edit. 2d»—Brie 
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from 1634 to 1561: Peter Appian, to the meridian of Leyring, 
from 1538 to 1578: Jo. Staler ns, tb the meridian of Tubing, 

, from 1543 to 1554: Petru*. Pitatus to the meridian of Venice, 
from 1544 to 1556; Geoijipus.J<inehimu«» Klietieus, for the year 
1551: Nicholaus Sinnis, to the meridian of Pologna, from 
1552 to 1568: Michael ^laMlin, to the meridian of Tubing, 
from 1557 to 1*31)0: Jo. Stadius, to the meridian of Antwerp, 
from 1554 to 1574: Jo. Antoninus Maginus, to the meridian 
of Venice, from 1581 to 1636* l)n\ id Origan, to the meridian* 
of Franckfort on the Oiler, from 1505 to 1664: Andrew Anrtil, 
to the meridian of Rome, from KiJJO to 1700* Fr.Micisciis Alon- 
tebrunu^, to the meridian of Rologna, from 1461 to 1660: 
among which Stadius, ^fabtiin, and Maginus, usc'd the Priu 
tenic tables; Origin the Prutenic and T^elionic; Moiitebrunus 
the Lansbcrgiaii, as hkewii>e thobc of Durat. Almost all the 
rest the Alphoiisinc. 

* Rut that the places may readih Ik* knoA\ n for w hich these 
eclipses were computed, and from what tables, coii-^ult the fol¬ 
lowing list, in which die \cars inehi'ohe are set down. 

% 

* From 1485 to 1506 The place and autlior unknown. 

1507 1553 ITlm in Suabia, from the Aljihoiisnie. 

1554 1576 Antwerp, from die Prutenic. 

1577 1585 Tubing, from the Prutenic. 

1586 1594 Vcniccj^^from the Prutenic. 

1595 1600 Franckfort on the Oder, from the Pnitenic. 

1601 1640 Franckfort on the Oder, fnmi the Tj chuiiic. 

1641 1660 Bologna, from the Laiislicrgian. 

1661 1700 Rome, from the Tychonic.' 

So for Ricciolus. 

jV. B. The eclipses marked with an asterisk arc not in Ric- 
dolus's catak^uc, hut arc supplied from L*Art dc verifier les 
Dates. 

From the beginning of ihe catalc^c to a. n. 1700, the dme 
is reckoned from the noon of the day mentioned, to the noon o^ 
the following day: hut from 1700 to 1800, the time is set down 
according to our common way of reckoning. Those marked 
Pekin and Canton arc eclipses from the Chinese dmmology ac¬ 
cording to Sthiyk; and throughout the table this mark 0 rig- 
nifics Suih and this ]) Moon. 



lO to ^ 


CH. xviir. 


or xcLirsr.s. 


f StrujfVg Catalogue of EcUpset* 


Defure Kilipsei of die Sun 
Chrut. and Moon keen at 


1 hebes 
.Svracuhc 


Sicily Ibloiid 
My sill 
I’erjU^nnios 
S.iT(liiiia 

Frusini 


01 *] 


Macedonia 

Rhodes 


r»r 


Gibraltar 


54 
51 

48 Ro: 

45 Rome 
36 Rdme 


March If) 
March 8 
Scj)t. 1 
April ai 
July 16 
\o\. Ip 
April 2.» 
Anp. 3 
Oct. () 
March 20 
Au;*. 27 
April l.» 
Scjit. 2 
Auw. 28 
Auf'. 13 
Dec. 22 
June 1S 
Dec. 12 
July 12 
Ftb. 28* 
Aug. 2.9 
Sept. 1 1 
Sept. 20 
Aug. 14 
Ajarch If) 
Scjit. 1 
Feb. 11 
May 6 
Oct. 18 
Sept. 22 
March 1<) 
Sept. 11 
Aug. 6 
March 1.8 
July 6 
April 30 
June 21 
Jan. 27 
July 18 
Oct 27 
March 16 
May 9 
March 7 
Jan. 18 
Nov. S 
May 1.9 


Middle. 

H. U. 

10 

34 

11 

56 

10 

18 

18 

22 

12 

47 

12 

21 

12 

12 

6 

srt 

6 

1.1 

20 

17 

10 

15 

8 


21 

12 

5 

53 

22 

17 

1.9 

6 

8 

54 

10 

21 

23 

51 

22 

— 

7 

2.9 

18 

— 

10 

9 

20 

5 

U 

5 

Ribing. 

1 

57 

2 

52 

2? 

24 

7 

14 

13 

9 

14 

48 


ed^aed. 


7 24 

1 52 

1 41 

11 0 
Total. 
.9 0 

Total. 
Total. 

8 40 

10 40 

11 0 

2 1 

6 15 

Total. 

6 10 

3 33 

4 21 

9 0 
Total. 
10 22 
Total. 
Total. 
9 0 

5 40 
1 0 
8 58 
Total. 
Total. 


18 — 
20 38 
14 33 
8 2 
10 8 
22 0 
6 22 
Setting. 
3 41 
2 12 
10 0 
14 —. 
3 52 


11 52 

Total. 
Central. 
Total. 
.9 0 

Total. 
Total. 
6 47 




























OF tCLtPtES. 


CR. Will. 




Slnyk't Catab^^ of Edipsai 


wmm 

Edipwt of the Sun 



D. 

Middle. 

Digits 

Chmc. 

■ad Moon aeen ot 


Mm 

H. 

M. 

eclipsed. 

S\ 

Rome 

0 

Aug4 

80 

Setting. 

Or. Eel. 

29 

Canton 

0 

Jan. 

5 

4 

2 

11 0 

S8 

Pekin 

0 

June 

18 

23 

48 

Total. 

86 

Canton 

0 

Oct. 

83 

4 

16 

11 15 

84 

Pekin 

0 

April 

7 

4 


2 0 

16 

Pekin 

0 

Nov. 

1 

5 

13 

2 8 

8 

Canton 

0 

Feb. 

1 

20 

8 

• 

11 42- 

After 

Chriit 




• 



■ 

1 

Pekin 

0 

June 

10 

1 

10 


B 

Rome 

0 

March 28 


IS 


11 

Panonia 

5 

Sept. 

26 

17 

15 

Total. 

27 

Canton 

C 

July 

28 

8 

.'•6 

Tot«il. 

SO 

Canton 

0 

Nov. 

l.S 

19 

20 

10 30 

40 

Pekin 

0 

April 

.SO 

5 


7 34 

45 

Rome 

0 

July 

31 

82 

1 

5 IT 

46 

Pekin 

0 

July 

21 

22 

25 

8 10 

46 

Rome 

D 

Dec. 

31 

9 

58 

T.ital. 

49 

Pekin 

0 

May 

20 

7 

If) 

10 8 

53 

Canton 

0 

March 

8 

20 

42 

11 6 

55 

Pekin 

e 

July 

18 

81 

50 

6 40 

56 

Canton 

0 

Dec. 

25 

0 

28 

9 20 

59 

Rome 

0 

April 

30 

3 

8 

10 m 

6 o 

Canton 

e 

Oct 

13 

3 

31 

10 30 

65 

Canton 

e 

Dec. 

15 

81 

50 

10 2S 

69 

Rome 

D 

Oct 

18 

10 

43 

10 to 

70 

Canton 

0 

Sept 

22 

21 

13 

8 26 

71 

95^ 

Rome t 

Ephesus 

D 

0 

March 

May 

4 

21 

8 

32 

6 0 

1 0 



IfiS 


D 

April 

5 

9 

16 

I 41 

133 

Alexandria 

D 

May 

6 

11 

44 

Total. 

134 

Alexandria 

D 

Oct 

20 

11 

5 

10 19 

136 

Alexandria 

b 

March 

5 

15 

56 

5 17 

837 

Bologna 


April 

12 



Total. 

W 



838 

Rome 

0 

April 

1 

80 

20 

8 45 

290 

Carthage 

0 

May 

15 

3 

20 

11 20 

304 

Rome 


Aug. 

31 

9 

36 

Total. 

316 

Constantinople 

0 

Dec. 

30 

19 

53 

2 18 

334 

Toledo 

e 

July 

17 

At noon. 

Central. 

348 

Constantinople 

0 

Oct 

8 

19 

84 

8 0 

360 

364 

401 

Ispahan 

Alexandria 

Rome 

0 

D 

Aug. 

Nov. 

June 

27 

85 

11 

18 

15 

0 

84 

Central. 

Total. 

Total. 

p 



401 

Rome 


Dec. 

6 

IS 

15 

Total. 

408 

Rome 

D 

June 

1 

8 

43 

10 2 














XVtiI. 


br EbLii^siss. 




Calaloguf of EeUpsa. 


Af^r Kdiptet of the Sun 
('hrMU and Muon seen at 


llunie 

('rmiptistello 
Ooiiipostello • 
C'oiiijMistcllo 
458 C'liaven 
4(ii Compostello 
'4()t Chaves 
484 Cohstantinople 
48f> CfUixtantinnpIp 
45)7 ('(iiistantitiojjh; 

512 ('unataiitinople 
588 Engl 
540 Lond 
577 Toum 
581 Paria 
58^ Paris 
590 Paris 
55)2 Constantinople 
()08 Paris 
(i22 Constantinople 
6'4I Paris 
(>80 Paris 
()N8 Paris 
(>5)8 (Constantinople 
7U) Constantinople 
718 Constantinople 

783 Engla 

784 Kngla 

752 Engla 

753 England 
753 England 
700 England 
760 London 
70'4 England 
770 Ijondon 
77 i Rome 
784 London 

787 Constantinople 
75)6 Constantinople 
800 Rome 
807 Angoulesme 
8O7 Paris 
807 Paris 

809 Paris 
8O5) Paris 

810 Ptfis 




Nov. 10 

0 I)«*c. 28 

1> April 1 

D Sept 26 

0 , ^ay 27, 

D March 1 

O July 19 

Jan. 13 

O May 19 

O April 18 

0 June 28 

0 Feb. 14 

O June 19 

1) Dec. 10 

D April 4 

D Sept 17 

D Oct. 18 

O March 18 

0 Aug. 12 

5 Feb. 1 

0 Nov. 5 

J June 17 

1> April 16 

0 Oct 4 

9 ^n. 13 

0 June 3 

0 Aug. 13 

^ Jan. 23 

D July 30 

0 June 8 

^ Jan. 23 

0 Aug. 15 

D Aug. 30 

O June 4 

5 Feb. 14 

]) Nov. 22 

]) Nov. 1 

^ Sept 14 

D March 27 

9 Jan. 15 

0 Feb. 10 

^ Feb. 25 

Aug. 21 

July 15 

Dec. 25 

June 20 



Middle. Dlgitii 
H. K. ceSpeed. 


20 33 
0 46 

16 34 
6 30 

, 2? 16 
13 2 

19 1 

5) 53 
1 10 
6 5 

23 8 

19 — 

20 15 

17 28 

IS 33 
12 41 

6 30 

22 fi 

3 3 
11 28 

0 30 

12 30 

11 .30 

23 54 

7 — 

1 15 

20 — 
14 — 

13 — 
22 — 

13 — 

4 ~ 

5 50 
At noon. 

7 12 

14 37 

14 2 

20 43 

16 22 
9 0 

21 24 
13 43 
10 20 
21 S3 

8 — 

8 — 


6 46 

6 42 
Total. 
9 25 

10 0 
11 20 
Total. 
9 53 
Total. 
Total. 
11 54 

TotaL 
TotaL 
11 I 
Total. 
Total. 
10 35 
Total. 

8 15 

10 40 

7 15 
Total. 

11 58 
Total. 

9 47 
Total. 

10 17 

9 42 

Total. 

Total. 

8 8 
Total. 
Total. 








«16 


or sctirsn. 


CK. xnii. 


Stn^i'i Ctttahgue of Edipta, 


After 

Chriat 


817 

818 
8^0 
8!24 
8!28 
8&8 
881 
881 
881 
882 
8 H) 
811 
812 
818 
861 
878 
878 
888 
8811 
801 
<K>1 
. 00 * 
00 * 
012 
026 
081 
080 
0-^5 
061 
070 
.076* 
085 
080 
900 


6 
1017 
1020 


Ed i pm of Ae Sun 
and Mood aeen at 


CtDi^tantinnple 

Cappadocia 


Amtcta 

C'onotaiitino)>Ip 

Cuiistantinople 

Arnirta 

London 

laatdon 

London 


Constantinople 

Jaindon 

Measina 

Constantinople 


Constantinople 

Auffsburff 

Ferrara 

Messina 


Nov. 

80 

Dec. 

11 


March 18 
June SO 


April .10 


May 1 


March 20 
March 10 
M irch 20 


May 81 


March 81 

Aj>ril 

16 

July 

18 

Sept. 

* 

May 

16 

May 

7 

July 

IS 

July 

20 

May 

28 

April 

12 


Oct. 21 
July 14 


0 

12 

8 

— 

2 

18 

17 

fy 

.*> 

42 

18 


6 

26 

i 


i.'i 

~— 

18 

4.> 

(> 

10 

2.{ 

~ 

11 

18 

i) 

0 

o > 

a > 


I* Sh 


l.» 12 


Nimeguen 

Coloffne 


Total. 
6 3.» 
'rot.ii. 

Total. 

'i*otil. 

I otil. 

II 8 

4 21 

Total. 
Total. 
0 20 
A il 1 

Total. 
Tot.sI. 
ToLiI. 
Total. 
11 11 
11 — 
0 28 
10 .80 
I'otal. 
T«)t,il. 

'J otal. 

'1 otal. 
ToOil. 

11 86 
10 7 
Total. 
9 18 
11 22 
Total. 
4 10 

8 40 

9 5 
1 10 

10 5 

Total. 
Total. 
9 12 
Total. 

6 — 

Total. 































CH. XVtU. 


aw wcLwtmw 


m 


StruyVs CataU^e ^ Eeiipses. 


After 

C'hriat. 

rjcliptee of die Sun 
and Moon eeen at 


D 

B 


Digits 

edipacd. 

1023 

Luntltin 

O 

Jtiii. 

23 

23 

S9 

11 — 

1030 

Home 

D 

Feb. 

20 

11 

43 

Total. 

1031 

Paris , 

D 

Feb. 

9 

11 

51 

Total. 

1033 

Paris 

D 

Dec. 

8 

11 

11 

9 17 


Milan 

D 

June 

4 

9 

8 

Totd. 

1037 

Paris 

O 

Aj>ril 

17 

20 

45 

10 45 

ro39 

Auxerre 

O 

Aug. 

21 

23 

40 

11 5 

1042 

Home 

D 

Jon. 

8 

16 

39 

Total. 

1044 

Auxerre 

5 

Notr. 

7 

16 

12 

10 1 

1014 

Cluny 

o 

Nov. 

21 

22 

12 

11 — 

Ku; 

Niiremburg 

5 

April 

2 

12 

9 

Total 

1()0'3 

Home 

5 

Nov. 

8 

12 

16 

Total 

1071 

Aiij^sbur/' 

1) 

Oct. 

7 

10 

13 

Total. 

lOHU 

('uiistHntino])Ic 

5 

Nov. 

29 

11 

12 

9 36 

1(KS2 

Ldiiiloii 

D 

May 

14 

10 

32 

10 2 

10S(> 

('oiistaiitinople 

e 

Feb. 

16 

4 

7 

Total. 

lOSJ) 

Naples 

S 

June 

25 

6 

6 

Total. 

I0f>3 

Aiifrsbiir^ 

e 

Sejit. 

22 

22 

35 

10 12 


Oeinblours 

5 

Feb. 

10 

16 

4 

Total. , 

I0<H) 

Ait^sbiir/nr 

D 

Aug. 

6 

8 

21 

Total 

1098 

Aufrsburg 

O 

Dec. 

25 

1 

25 

10 12 

1099 


D 

Nov. 

30 

4 

58 

Total. 

1103 


5 

Sept 

17 

10 

18 

Total 

1106 


3) 

July 

17 

11 

28 

11 .54 

1107 

Naples 

D 

Jim. 

10 

13 

16 

Total 

1109 

Erfurt 

o 

Miiy 

31 

1 

30 

10 20 

1110 

London 

D 

May 

5 

10 

51 

Total. 

1113 

Jerusalem 

o 

March 18 

19 

0 

9 12 

1114 

London 

J 

Aug. 

17 

15 

5 

Total. 

1117 

Triers 

5 

June 

15 

13 

26 

Total. 

1117 

Triers 

D 

Dec. 

10 

12 

51 

Total 

1118 

Naples 

D 

Nov. 

29 

15 

46 

4 11 

1121 

Triers 

D 

Sept 

27 

16 

47 

Total. 

1122 

Prague 

D 

March 24 

11 

20 

3 49 

1124 

Erfurt 

5 

Feb. 

1 

6 

43 

8 39 

1124 

London 

o 

Aug. 

10 

23 

29 

9 58 

1132 

Erfurt 

D 

March 

3 

8 

14 

Total. 

1133 

Prague 

D 

Feb. 

20 

16 

41 

3 23 

1135 

London 

D 

Dec. 

22 

20 

11 

Total. 

1142 

Hume 

D 

Feb. 

11 

14 

17 

8 30 

1143 

Rome 

T> 

Feb. 

1 

6 

36 

Total 

1147 

Avranches 

o 

Oct 

25 

22 

38 

7 20 

1149 

Bary 

D 

March 25 

13 

54 

5 29 

1151 

Einibeck 

T> 

Aug. 

28 

12 

4 

4 29 

1153 

Augsburg 

© 

Jan. 

26 

0 

42. 

11 — 

1154 

Paris 

5 

June 

26 

16 

1 

Total 
















or BCUI*Btt« 


CHAV. XYIII. 



Struyi^t CakUague Edipst*. 


After 

Qititt. 

Bedpeeiaf the Sun 
and Mo^ wen at 


M. 

n. 

Middle. 

11. K. 

Digits 

ccli{iiied. 


Paris 

5 

Dee. 

21 



4 22 

1556 

Avnuiches 

D 

June 

16 


km 

0 .53 

1160 

Rome 

9 

Aug.. 

18 



6 49 

1161 

Rome 

D 

Aug. 

7 

8 

1.; 

Total. 

1162 

Eribrt 

D 

Feb. 

1 

6 

40 

5 .56 

1162 

Erfurt 

5 

July 

27 

12 

.30 

4 11 

1165 

Mount Cassin 

0 

July 

3 

7 

40 

2 V 

1164 

Milan 

D 

June 

6 

10 

« 

Total. 

1168 

London 

D 

Sept. 

18 

li 

0 

I’otil. 

1172 

Cologne 

D 

Jan. 

11 

13 

31 

Total. 

1176 

Avranches 

D 

April 

2.T 

7 

2 

8 (> 

1176 

Avranches 

D 

Oct 

19. 

11 

20 

8 5S 

1178 

Cologne 

D 

March 

5 

Setting. 

7 52 

1178 

Avranches 

D 

Aug. 

29 

13 

52 

5 31 

1178 

Cologne 

0 

Sept 

12 



10 .51 

1179 

Ctdt^e 

D 

Aug. 

i.n 

14 

28 

'I'otal. 

1180 

Avranches 

0 

Jan. 

28 

4 

14 

10 34 

1181 

Avranches 

0 

July 

1.S 

3 

15 

3 48 

1181 

Avranches 

]> 

Dec. 

22 

8 

58 

4 40 

1185 

Rhcims 

0 

May 

1 

1 

53 

9 0 

1186 

Cologne 

5 

April 

5 

6 

— 

Total. 

1186 

FranddTort 


April 

20 

7 

19 

4 0 

1187 

Paris 


March 

25 

16 

17 

8 42 

1187 

England 


Sept 

8 

21 

.54 

8 6 

1189 

England 


Feb. 

2 

10 

— 

9 — 

1191 

England 


June 

23 

0 

20 

11 32 

1192 

France 

D 

Nov. 

20 

14 


6 — 

1198 

France 


Nov. * 

10 

5 

27 

Total. 

1194 

London 

0 

April 

22 

2 

15 

6 49 

1200 

London 

D 

Jan. 

2 

17 

2 

4 35 

1201 

London 

D 

June 

17 

15 

4 

Total. 

1204 

England 

D 

April 

15 

12 

89 

Total. 

1204 

Salsburg 

D 

Oct 

10 

6 

32 

Total. 

1207 

Rheims 

0 

Feb. 

27 

10 

50 

10 20 

1208 

Rheims 

D 

Feb. 

2 

5 

10 

Total. 

1211 

Vienna 

5 

Nov. 

21 

18 

57 

Total. 

1215 

Cologne 

D 

March 16 

15 

35 

Total. 

1216 

Acre 

0 

Feb. 

18 

21 

15 

11 36 

1216 

Acre 

D 

March 

5 

9 

38 

7 4 

1218 

Damietta 

D 

July 

9 

9 

46 

11 31 

1222 

Rome 

D 

Oct 

22 

14 

28 

Total. 

1223 

Ctdmar 

D 

April 

16 

8 

13 

11 0 

1228 

Naples 


Dec. 

27 

9 

55 

9 19 

1230 

Naples 


May 

13 

17 

— 

Total. 

,1230 

London 


Nov. 

21 

13 

21 

9 84 

*1232 

Rheims 

lOl 

Oct 

15 

4 

29 

4 25 









Ctt. 3tV2Il. 

Of fCLSPiBi. 

m 


Stn^Vs CiUaloguetf EeUpse/. 



After 

Chriet. 

Iklipm of the Sen 
and Moon aecn at 


X. 

s. 

MUdk 

H. X. 

D^jts 

edipied. 

V2i5 

Rheimg 

o 

July 

24 

17 

47 

6 — 

1248 

London 

1 

June 

7 

8 

49 

Total. 

12^5 

London 

T> 

July 

20 

9 

47 

Total. 

1255 

Constantinople 

o 

Dec. 

SO 

2 

52 

Annul. 

1258 

AufTsburff 

D 

May 

18 

11 

17 

Total. 

1261 

Vienna 

© 

March 31 

22 

40 

9 8 

1262 

Vienna 

$ 

March 7 

5 

50 

Total 

1262 

Vienna 

1> 

Aug. 

30 

14 

39 

TotaL 

1268 

Vienna 

D 

Feb. 

24 

6 

52 

6 29 

1268 

Augsburg 

o 

Aug. 

5 

3 

24 

11 17 

126.3 

\'ienna 


Aug. 

20 

7 

35 

9 7 

1265 

Vienna 


Dec. 

23 

16 

25 

Total. 

1267 

Constantinople 

o 

May 

24 

23 

11 

11 40 

1270 

Vienna 

© 

March 22 

18 

47 

10 40 

1272 

Vienna 


Aug. 

10 

7 

27 

8 53 

127* 

Vienna 


Jan. 

23 

10 

39 

9 25 

1275 

Lauben 


Dec. 

4 

6 

20 

4 29 

1276 

Vienna 

D 

Nov. 

22 

15 


Total. 

1277 

Vienna 

D 

May 

18 



TotaL 

1279 

Franckfort 

© 

April 

12 

6 

55 

10 6 

1280 

London 

]> 

March 17 

12 

12 

TotaL 

1284 

Reggio 

> 

Dec. 

23 

16 

11 

9 13 

1290 

Wittcniburg 

© 

Sept. 

5 

19 

37 

10 30 

1291 

London 

V 

Feb. 

14 

10 

2 

TotaL 

1302 

Constantinople 

9 

Jan. 

14 

10 

25 

TotaL 

1.307 

Ferrara 

o 

April 

2 

22 

18 

0*. 54 

1.309 

Londdn 

D 

Feb. 

24 

17 

44 

Total. 

1309 

Lucca 

D 

Aug. 

21 

10 

32 

Total. 

1310 

Wittemburg 


Jan. 

31 

2 

2 

10 10 

1310 

Torcello 

mm 

Feb. 

14 

4 

8 

10 20 

1310 

Torcello 


Aug 

10 

15 

33 

7 16 

1312 

Wittemburg 

kI 

July 

4 

19 

49 

3 23 

1312 

Plaisance 

D 

Dec. 

14 

7 

19 

Total. 

1313 

Torcello 


Dec. 

3 

8 

58 

9 34 

1316 

Modena 

D 

Oct. 

1 

14 

55 

TotaL 

1321 

Wittemburg 

O 

June 

25 

18 

1 

11 17 

1323 

Florence 

T> 

May 

20 

15 

24 

Total. 

1324 

Florence 

D 

May 

9 

6 

3 

Total. 

1324 

Wittemburg 

© 

April 

23 

6 

35 

8 8 

1327 

Constantinople 

D 

Aug. 

31 

18 

26 

TotaL 

1328 

Constantinople 

t 

Jeb. 

25 

13 

47 

11 — 

1330 

Florence 

D 

June 

SO 

15 

10 

7 34 

1330 

Constantint^le 

© 

July 

16 

4 

5 

10 43 

1330 

Prague 


Dec. 

25 

15 

49 

TouL 

1331 

Pra^e 

© 

Nov. 

29 

20 

26 

7 41 

1331 


1> 

Dec. 

14 

18 

•— 

11 — 











Im 


Of ICLIFSSS. 


CH. xvni. 


Shvjfk’t Catalogue ^EcKpset, 


Aftar KeKpRM of dw Sun 
Ottist. and Jdoua wen at 



1333 
133% 
isn 
ISlt 

1344 

1349 

1334 
1356 
1361 
1367 
13S9 
1396 
1396 
1399 
1406 
1406 

1408 

1409 

1410 
1415 
1419 

1421 

1422 
1424 
1431, 
1433 
1438 
1442 
1448 
1450 
1457 
1460 
1460 

1460 

1461 
1461 

462 

462 

'464 

465 

465 

469 

485 


Wj'ttemburg 

Cpswm 

CoiHt.intinop1e 

Ctni^Uuitiiioplc 

Cun&t«iiitinople 

Alexandria 

Witteniburg 

Witteuiburg 

Florence 

Constaiitiiiople 


Augsburg 

Forb 

fonstantinople 

Constantinople 

Fuili 

Constantinople 

Vienna 

Wittemburg 

Franckfort 

Forli 

Foi li 

Wittemburg 

Forli 

Wittemburg 

Wittemburg 

Rome 

Tubing 

Constantinople 

\'jcnna 


a 

Vienna 
V'ienna 
Rome 
Viterbo 
Viterbo 
Padua 
Rome 
Rome 
Rome 
Numnbur, 



Alidille. Digits 
II. M. Cclijued. 


10 18 
'JVitil. 
Total. 
6 .30 

Total. 
8 

.luiie .SO i 12 20 I Total. 


reb. lb 



.lune 

21 

Oct. 

29 


.Mine ].*» 
Oct. 18 


March 20 
.lime 6 
Match 25 

Feb. 17 


.June 

2b 

Feb. 

12 

.June 

17 

•Sept.' 

18 


Aug. 28 


aepL 3 



Dec. 

27 

.June 

22 

Dec. 

17 

.June 

11 

Xov. 

21 


20 50 
3 56 
22 23 
7 19 

n 17 

7 31 
17 32 
13 .30 
11 50 


12 43 
5 15 
5 12 
7 9 

3 53 


8 H 
T 0 t. 1 l. 

8 .‘il 

'i'otJil. 
J'oUl. 
6 22 
Tot.il. 



11 7 

11 20 

1 39 

Total. 

« 7 

Total. 
8 53 
Total. 
ToUl. 
5 23 

11 19 

Total. 

Total. 

Total. 

7 38 

2 6 
Total 

8 46 
Total. 
Total 
11 — 

























CH. XTIXl. 


or ECLinsf. 


m 


All thefitlowing Eclipsa are taken fimt Miceiolus, exceja those 
ed with an Asterisk, which are from IJArt de verifier Us Dedet, 


Afte r 
ChriHt. 


• 

M. 


Middle. 

B. M. 

Digits 

eclipted. 

m in 

2 > 

Fcbnmry 

18 

5 

41 

TotaL 


. 0 

March 

5 

17 

43 



D 

February 

7 

15 

40 

Total. 

B 

0 

July 

20 

2 

6 

7 0 

B Qfl 

}> 

.January 

28 

6 


• 

B 

0 

July 

8 

17 

30 

4 0 

B 

J> 

*■ December 

7 

17 

41 

TotaL 

B 

0 

Mii\ 

19 

Noon. 

• 

B 


.Tuiic 

2 

10 

6 

Total. 

B 

J> 

November 

26 

18 

25 

TotaL 

11.01 

0 

March 

8 

2 

19 

9 

1101 

D 

No\ ember 

15 

18 


• 

110 ^ 

o 

April 

26 

7 


• 

110 ~* 

Q 

October 

20 

23 

— 

• 

110‘1 

J 

April 

1 

14 

0 

Tc^L 

I41}3 

o 

October 

10 

2 

40 

8 0 

1 lOi 

o 

March 

7 

4 

12 

4 0 

1101 

J> 

March 

21 

14 

38 

TotaL 

1101 

D 

September 

14 

19 

45 

Total. 

UO.'i 

J> 

March 

10 

16 


• 

110 .^ 

o 

Auj^ust 

19 

17 

— 

« 

1101 ) 

J> 

January 

29 

14 

— 

• 

1107 

D 

January 

18 

6 

38 

TotaL 

1407 

O 

July 

29 

3 

2 

3 0 

1400 

2) 

June 

22 

17 

— 

• 

11.00 

U 

Auji^ust 

23 

18 

— 

• 

beesb 


November 

17 

10 

— 

• 



March 

27 

In 

the 

Night. 

mmm 


April 

11 


At 

Noon. 

1500 

5 

October 

5 

14 

2 

10 0 

1501 


May 

2 

17 

49 

Total. 

1503 


September 

.SO 

19 

45 

10 0 

1502 


October 

15 

Ig 

20 

2 0 

1503 

5 

March 

12 

9 

— 

• 

1503 

o 

September 

19 

22 

—- 

• 

1504 

Kb 

February 

29 

13 

36 

Total. 

1501 

BB 

March 

16 

3 

— 

• 

1505 

D 

August 

14 

8 

18 

Total. 

1506 

■B 

February 

7 

15 

— 

• 

1507 

KM 

July 

20 

3 

11 

•2 0 










Ol. XTSII. 




Of scum*- 

SkeUu^i CtOakgue qf Ed^mt, 


Albr 

Chmt 


1400 

140^ 

1408 

1408 

1408 

1409 
1409 
1510 
1411 
141£ 
1518 
1418 
1415 
1516 
1516 

1516 

1517 

1517 

1418 

1518 

1519 
1519 

1419 


1587 

1588 

1589 

1580 
1430 

1581 
1588 


ai. 

D. 

Aoguat 

8 

January 

18 

January 

8 

May 

89 

June 

IS 

June 

8 

November 

11 

October 

16 

October 

6 

1 September 85 

March 

7 

July 

30 

January 

29 

Januai^ 

19 

July 

13 

December 

S3 

June 

18 

November 

27 

May 

84 

June 

7 

May 

88 

October 

28 

November 

6 

May 

8 

Octob«r 

11 

October 

25 

March 

81 

April 

6 

September 30 

September 

5 

March 

1 

August 

85 

February 

4 

August 

16 

January 

88 

July 

4 

December 

29 

December 

18 

^January 

8 

December 

7 

May 

17 

October 

16 

March 

88 

October 

6 

April 

1 


80 


MUdk. 

B. M. 


11 11 
28 — 
19 — 
11 50 
3 5(i 
0 30 
1 — 

15 18 
6 0 

11 37 

3 47 

16 — 
19 — 
11 19 
17 56 


3 — 


Liu 


DigHi 


Total. 
7 0 


Total 

Total. 

6 

• 

Total. 
Total. 
Total. 
8 0 


9 11 
11 0 

6 0 
1 otal. 


Total. 

Total. 

Total, 


Total. 

Total. 

Total, 

* 


11 55 

8 24 
Total. 













OS. XYIU. 




EkeiMB Cafahgte ifEdt^paea. 

♦ 


AMi 

Chriat 


x. 

Db 

MkUls 
a. x. 

IKaiis 

EdSwl. 


]> 

August 

4 

11 


TotaL 


o 

August 

19 

17 


• 


0 

January 

14 

1 

42 

5 45 


5 

Jandary 

29 

14 

25 

Total. 


o 

June 

30 

1 Noon. 

• 

H 

D 

July 

14 

8 

— 

• 

1535 

O 

December 

S4 

2 

— 

• 

1536 

. o 

June 

18 

2 

2 

8 0 

1536 

5 

November 

27 

6 

21 

10 15 

1537 

D 

May 

24 

8 

3 

TotaL 

15.17 

O 

June 

7 

8 

... 

• 

1.537 

]> 

November 

16 

14 

56 

TotaL 

1538 

]) 

-May 

13 

14 

24 

3 0 

1538 

D 

November 

6 

5 

31 

3 37 

1539 

O 

April 

8 

4 

33 

9 0 

1540 

o 

April 

6 

17 

15 

TotaL 

1541 

D 

March 

11 

16 

34 

TotaL 

1511 

o 

August 

21 

0 

56 

3 0 

1512 


March 

1 

8 

46 

1 38 

1542 

o 

August 

10 

17 

— 

• 

1543 

I> 

July 

15 

16 


• 

1544 

wa 

January 

9 

18 

13 

Totri. 

1544 

El 

January 

23 

21 

16 

11 17 

154i 

D 

July 

4 

8 

31 

TotaL 

1544 

D 

December 

28 

18 

27 

TotaL 

15*5 

O 

June 

8 

20 

48 

3 45 

1545 

} 

December 

17 

18 

— 

• 

15 if) 

• 

May 

30 

5 

— 

* 

15i(j 

O 

November 

22 

23 

-i- 

• 

1517 * 

]> 

May 

4 

10 

27 

8 0 

1547 


October 

28 

4 

56 

11 34 

1547 

o 

November 

12 

2 

9 

9 30 

1548 

o 

April 

8 

3 

— 

* 

1518 

]> 

April 

22 


24 

TotaL 

15*9 

D 

April 

11 


19 

2 0 

1549 

2) 

October 

6 



• 

1550 

O 

Mardi 

16 



• 

1551 

]) 

February 

20 



TotaL 

1551 

o 

August 

31 



1 52 

1553 

0 

January 

12 



1 22 

1553 

o 

July 

10 

7 

— 

m 

1553 

]) 

July 

24 

16 

0 

0 31 

1554 

Kl 

June 

29 

6 

— 

• 

1554 

■a 

December 

8 

13 

7 

10 12 

1555 

■a 

June 

, 4 

15 

0 

TotaL 

1555 

Ei 

November 

IS 

19 

— 

• 











OF EtLirSXb. 


Clf. XVIII. 


liiniolut’i Catahfgutof J^ihi>ses. 


After 
(linet. 


M 

n 

NoetinlH’r 

1 

Noitmbtr 

10 

Octolui 

-iO 

Apnl 

c> 

■to 

Apt il 

IS 

Apnl 

10 

M in II 

11 

A Hi. list 

Jl 

Stpii luin 1 

> 

riiirii ti V 

] t 

11 hi iiai} 

J 

Jiilj 

1 » 

Jan 11 

2 J 

Tiiiu* 

JO 

July 

m 

» 

Mart h 

7 

May 

n 

Ntnenihir 

7 

October 

28 

Apnl 

8 

Octobci 

17 

March 

JH 

March 

2 

I'ebruary 

20 

Auffust 

1 > 

Jan 11 n\ 

25 

Jan 11 II y 

11 

June 

20 

Jiim* 

28 

Novf lubcr 

21 

Dcctinber 

b 

No\tiubcr 

IS 

May 

19 

Not ember 

2 

October 

7 

April 

o 

e*# 

September 

20 

St'ptember 

15 

Febiuary 

13 

AugUht 

20 

J.uiuary 

31 

Janmiry 

19 

July 

15 

January 

8 

June 

9 

November 

28 


Midille 

11 M 

la 

0 

12 

11 

20 

•>- 

11 

1 

0 

A 

1 

0 

1 3 

lo 

1 

*•* 

— 

/ 

10 

r 

— 

n 

'iO 

19 

I) 

s 

1 

12 

51 

10 


12 

10 

5 

Jb 

21 

1 

1 . 

tt 

1 > 


Digits 

J^clipHtd 


Totil 

* 


19 


9 

0 

lb 

— 

1 

— 

0 

>1 

3 

oo 

8 

—- 

5 

— 


* 

« • 

1 (iLil 

5 21 

(i 1) 
* 


Tfitiil 
Total 
2 20 

8 SO 

« 

Totil. 
Total 
Total 
0 53 
7 '5 

Total 





















eu* xmt JUshtHMi* Wt 


lUetAAt/r CakihgiK Ediptei. 


After 

Cbratt. 


M. 

D* 



1584 

O 

May 

9 

18 

20 

3 36 

1584 

5 

November 

17 

14 

15 

Total. 

1585 

O 

Appl 

29 

7 

53 

11 7 

1585 

D 

May 

13 

5 

9 

6 54 

1586 

5 

September ^ 

8 


• 

1586 

O 

October 

12 

Noon. 

• 

1587 

J 

.September 16 

9 

28 

10 2 

1588 

• e 

February 

26 

1 

23 

1 3 

1588 

D 

March 

12 

14 

14 

Total. 

1588 

T> 

September 

4 

17 

30 

Total. 

158.0 

O 

August 

10 

18 

» 

• 

1580 

T> 

..August 

25 

8 

1 

8 45 

15.00 

e 

February 

4 

5 


• 

15.00 

5 

July 

16 

17 

4 

3 54 

iiyo 

o 

July 

30 

19 

57 

10 27 

1591 

5 

aJsmiifliry 

9 

6 

21 

9 40 

15.01 

D 

July 

6 

5 

8 

Total. 

1501 

o 

July 

20 

4 

2 

1 0 

1591 

]> 

December 

29 

16 

11 

Total. 

1592 

D 

June 

24 

10 

13 

8 58 

1502* 

> 

December 

18 

7 

24 

5 54 

1593 

o 

May 

30 

2 

30 

2 38 

15.04 

e 

May 

19 

14 

58 


15.04 

5 

October 

28 

19 

15 

■ssll 

1595 

@ 

April 

9 

Ter. del 

Feugo. 

15.05 

D 

April 

24 

4 

12 

To^. 

15.05 

O 

May 

7 

22 

» 


1595 

o 

October 

3 

2 

4 

5 18 

1505 

1) 

October 

18 

20 

47 

Total. 

1506 

o 

March 

28 


In 

Chili. 

15.06 

D 

April 

12 

8 

52 

6 4 

1596 

o 

September 

21 


In 

China. 

15.06 

T> 

October 

6 

21 

15 

3 S3 

1507 

o 

March 

16 

St. Pet. 

Isle. 

1597 

o 

September 

11 

Picora. 

9 49 

15.08 

D 

February 

20 

18 

12 

10 55 

1598 

o 

March 

6 

22 

12 

11 57 

1508 

D 

August 

16 

1 

15 

Total. 

15.08 

c 

August 

31 

Maffel. 1 

8 34 

1599 


February 

10 

18 

21 

TotaL 

1590 

o 

July 

22 

4 

31 

8 18 

1599 

D 

August 

6 . 

...» 


TotaL 

1600 

o 

January 

15 

Java. 1 

11 48 

1600 

D 

January 

30 

6 


2 58 

1600 

o 

July 

10 

2 


i 39 

1601 

€5 

January 

4 

Ethiop. «l 

9 40 ^ 


VOL I. 








£CttF8KC. 


CW. *Vltf 



WockAu^t Cafaiogtie of ErHp$ti, 


AAbt 

Cbrfat. 


M. 

n. 

Middle. 

11. M. 

DWi* 

Edipicd. 

1(}»I 


June 

(5 

6 18 

4 52 

■Ii29 

C 

June 

29 

China. 

4 29 

KSB 


DecnnlKT 

9 

. 7 6 

10 53 

lOoi 

• © 

December 

SI 

S 46 

9 52 

1602 

0 

M«y • 

SI 

Oreenl. 

S 41 

1602 


June 

4 

7 18 

Total. 

uku 

0 

June 

19 

N.Oro. 

5 43 

]<}02 

© 

Novcmlior 

1.‘) 

Maeel. 

3 — 

1602 

1> 

Novciuber 

S8 

10 S 

Total. 

i6o:i 


May 

10 

Chinn. 

11 SI 

1(j03 


Way 

SI 

11 41 

7 ny 

1603 

© 

November 

3 

Rom. 1. 

11 17 

1603 


November 

18 

7 31 

.8 26 

IfkH 

© 

April 

SO 

Arabia. 

!> .82 

1604 

© 

October 

2S 

IVru. 

6 49 

l(i03 

D 

April 

3 

9 19 

n 49 

1605 


April 

18 

Macing. 

5 .81 

1605 

> 

September 

S7 

4 S7 

9 *26 

1605 

© 

October 

IS 

8 .82 

9 til 

1606 

© 

March 

8 

Mexico. 

6 0 

1606 


March 

S4 

11 17 

'I’otal. 

1606 

e 

September 

S 

Magel. 

6 40 

1606 

0 

Septenil>er 

0 

Magel. 

6 U) 

I606 

]> 

Septeiiibor 

16 

15 6 

Total. 

i 1607 


February 

S.1 

21 48 

1 1.1 

1607 


March 

13 

6 36 

1 S-' 

1607 

0 

September 

5 

15 40 

1 7 

1606 

0 

Februaiy 

15 

At the 

Aiitipo. 

1608 

D 

July 

27 

0 .80 

1 .">.8 

16 O 8 

© 

Au|(ttst 

9 

4 .89 

0 40 

1609 


Januaiy 

19 

15 SI 

10 32 

1609 

© 

February 

4 

Feuffu. 

5 22 

1609 

0 

July 

Hi 

12 8 

Total. 

1609 


July 

30 

Canada. 

4 10 

Hi 09 


December 

S(» 

19 — 

5 .80 

1610 

Kfl 

January 

9 

1 31 

Tot^ 

1610 

© 

June 

SO 

Java. 

10 46 

1610 


July 

5 

16 58 

11 1.8 

1610 

0 

December 

15 

Cyprus. 

4 .50 

1610 

9 

Dec^ber 

29 

16 47 

4 23 

1611 

© 

June 

10 

Califor. 

11 30 

1611 


May «, 

14 

10 38 

7 22 

1618 

0 

May 

29 

23 .88 

7 14 

161 s 

9 

November 

8 

'3 22 

9 49 

1618. 


November 

S2 

Magel. 

9 0 

161S 


April 

SO 

Mngel 

lanio). 







I' ^ * t 

cs. ' SSI 


CokdtgHB ^ Ed^fu^. 


After 

Chntt 


H. 

s. 

Middla 

*H. M. 

•dl^paed. 

B9 

D 

May 

4 

0 35 

TotaL 

mm 

o 

May 

19 

Eaat 

Tmtaity. 

mSlm 

o 

October 

13 

South 

America. 

1613 

D 

October 

28 

4 19 

Total. 

1614 

o 

April 

8 

N.GuL 

8 44 

1^4 

5 

AprU 

23 

17 36 

5 25 

1614 

o 

Octolier 

3 

0 57 

5 2 

1614 

• I) 

October 

17 

4 38 

4 56 

16’13 

o 

March 

29 

Goa. 

10 34 

161 > 

o 

September 22 

Salom 

Ible. 

161.') 

D 

March 

3 

1 58 

Total. 

1616 

o 

„ March 

17 

Meaica 

- 6 47 

1616 

D 

August ' 

26 

15 33 

TotaL 

1616 

5 

September 

10 

Magel. 

10 33 

1617 

o 

Februaiy 

5 

Magel 

lanica. 

1617 

5 

h ebruary 

20 

1 49 

TotaL 

1617 

O 

March 

6 

22 — 


1617 

o 

Auj^st 

1 

Biarmia. 

• 

1617 


AugUbt 

16 

8 22 

TotaL 

I61R 

o 

January 

16 

Magel 

lanica. 

1618 


Februaiy 

9 

3 29 

2 57 

1618 


July 

21 

Mexico. 


1619 

o 

January 

15 

Calilbr 

nia 

1619 

]> 

June 

26 

12 40 

5 10 

1619 

o 

July 

11 

Africa. 

11 30 

1619 

o 

December 

20 

15 58 

10 47 

16*20 


May 

31 

Arctic 

Circle. 

16*20 


Jiuie 

14 

13 47 

Total. 

16*20 


June 

29 

Maj»l. 

7 20 

luSO 


December 

9 

6 39 

TotaL 

1620 

Q 

December 

23 

Magel 

lanica. 

1621 

O 

May 

20 

14 54 

10 44 

1621 

D 

June 

3 

19 42 

9 53 

16*21 

o 

November 

13 

Magel 

huiica. 

1621 


November 

28 

15 43 

3 28 

1622 

o 

May 

10 

C. Verd. 

11 52 

16*22 

o 

Novembm* 

2 

Malacca 

In. 

1622 

]> 

April 

14 

7 19 

10 54 

1623 

o 

April 

29 



1623 

2) 

O^ber 

8 

. 0 22 

8 35 

1623 

o 

October 

23 

Califor. 

10 46 

1624 

© 

May 

18 

N.Zem. 

6 0 

1624 


April 

3 

* 7 9 

TotaL 

1624 

o 

April 

17 

Antar. 

Cirde. 

1624 

o 

September 

12 

Magd 

kuioa. 

1624 

• J) 

September 

26 

8 55 








m * «r Mtnm, es* xvui. 


Cakdsigve of Etiipm* 


PSl 

' 



Middle 

Dign 

Hia 

HH 

V* 

• 

Ua 

R. M. 

cdipcd. 

I6M 

d 

March 

8 

Florida. 


teSLB 

mm 

March 

28 

u n 

2 11 

liS5 

Bl 

September 

I 

St Peter’s 
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llie Edipsns from Stvuyk were observ'od; thpw JVnin lUcciolui^ 
calculated: tlie folloiving frmn iJAH dr writer let Daiet, arc unly 
tfaoae whidb irere visible in j^nrope last century: those n hich arc 
Mai arc aiitfkad c^ith a T; and M signifies morning, and A after¬ 
noon. 

* ^ 

Visible F^liptet from I70d to 1800, 



































t'to. xvin. dr 9R55 

f 

fltible ScSptaifnm 1700 to 1800 . 


AOtr 

L hmt. 

■ 


'fmieof ih« 
ihjornfffatt 

aILt 

Chriat 


Moaifaa and 
di^ 

'Datfardu 

1758 

0 

Doc. 

30 

7 M. 

1779 

D 

May 

m 

5 M. t* 

17>0 

0 

.June 

21 

% A. 

1779 

e 

June 

H 

8 MU 

I7»9 

0 

D(c. 

1.9 

2 A. 

1779 


Nev. 

23 

8 A, 

,17<>0 


M.IJ 

29 

7 A. 

1780 

0 

Oct 

27 

6 A. 

1700 


.June 

13 

9 M. 

1780 


Nov. 

12 

4 M. 

noo 

5 

\ov. 

22 


1781 

0 

April 

23 


1701 

5 * 

Miiy 

18 

11 A. r. 

1781 

0 

Oct 

17 

8 M. 

iTOa 

D 

May 

8 

4 M. 

1782 

T> 

April 

12 

7 A* 

17012 

n 

Oct 

17 

8 M. 

1783 

3) 

March 18 

9 A.r'. 

■ 


Nov. 

1 

8 A. 

1783 



EE 

11 A.T 

■ 

u 

April 

4:t 

8 M. 

1784 

5 

March 

7 

8 H. 

■ |3j 

0 

Apiil 

} 

10 M. 

1785 

0 

Feb. 

9 

! A. 

B ini 

1) 

April 

10 

1 M. 

1787 

]> 

Jan. 

m 

12 A. T. . 

1705 

0 

March 21 

2 A. 

1787 

0 

Jan. 

19 

10 M. 

1705 

0 


10 

5 V. 

1787 

e 

June 

15 

5 A* 

1700 


Kcb. 

21 

7 A. 

1787 


Dec.' 

24 

8 A. 

1700 

0 

Aiig. 

5 

7 A. 

1788 

@ 

June 

4 

9 H. 

1703 


.Ian. 

4 

5 M. 

1789 

s 

Nov. 

2 

12 A. 

1708 

D 

.June 

30 

4 M. T. 

1790 

) 

^ril 

28 

12 A. t. 1 

I 7 OH 

J) 

Dec. 

23 

4 A» Ta 

17JK) 

3> 

Oct 

23 

1*M. T. 

1709 

0 

.June 

4 

8 H. 

1791 

.0 

April 

3 

1 A. 

1709 

*) 

Dec. 

13 

7 ». 

1791 

J 

Ort. 

12 

8 M. 

17?) 


Nov. 

17 

JO M, 

1792 

e 

&pt 

16 

11 M. 

1771 

D 

April 

28 

2 K. 

1793 

3> 

Feb. 

25 

10 A. 

1771 

D 

Ott 

2*1 

3 A. 

17.93 


Sept 

5 

8 A. 

1772 

5 

Oct 

11 

0 A. T. 

1794 

e 

Ian. 

31 

4 A. 

1772 

0 

Oct 

20 

10 M. 

1794 

3) 

Feb. 

14 

11 A. T. 

1773 

0 

March 23 

5 N. 

1794 

0 

Aug. 

25 

5 A. 

1773 

)) 

Sciit 

.301 

i A. 

1795 

3) 

Feb. 

4 

1 H. 

1771 

c 

March 12 

10 M. 

1795 

0 

Jdy 

16 

9 M. 

1770 

5 

July 

31 

* 1 M. r. 

1795 

> 

July 

81 

8 A. 

1770 


JtTITM 

14 

5 M. 

1797 

0 

June 

25 

8 A. 

1777 

0 

Jan. 

9 

5 A. 

1797 

31 

Dec. 

4 

6 M. T. 

177H 

0 

June 

24 

4 A* 

1798 


May 

27 

7 A. t. 

1778 

1> 

Dec. 

4 

8 M. 

1800 

-1-. 

Oct 

2] 

11 A. 


« 


^ See the mipplementuy chapter on eclipses^, toI. ii, ft? « cata¬ 
logue of eclipsed from 1800 to 190(h - 


























cfi. Mtt, 


388. A Lut if SiXpietp and ffutorical Evads, whkh happened tdtoHi 
the same timet frm Rkckiue, 


7541 

731 

M5| 

ASM 


481 

ai 

418j 

184 

Wl 


r But arrordiAg to an old calendar, Utie ecKpae dt the Sun wa* on the* 
plat of April, on whkh day the foundations of Koont were laid; if 


idtp 6. 

we may belicrc Tanintiiu ^Hnnanua. 

Mar. 18. A total edipse of the Moon. The Assyrian empire at an end; the 
Babylonian Cktabli<ihed. 

Jfaj 38. . Aa edipse of the Sun fbretold by Thales, by which a peace was 
iroaght about between the Medea and Lydians. 

|Jtdy 16. An sd^ of the Moon, whidi was ftUowed by the death of Cam* 
byaes. 

No». 19. An edDpae of die Moon, which was followed by the slaughter of 
. Sabinea and die death of Valerius Pnbllpala. 

Apra^ An edipse oftbe Sun. The Fenian war, and the iaihng off of the 
FMana from die Egyptians, 
lAprilSA. An adipae of the Moon, which was feSowed by a great Amine at 
Rome, and the beguning of the Peloponnesian war. 

Ang. 3. A total edipse of die Sun. A comet and plague at Athena* 

Aag. 37 . _ A total ecli p se of the Moon. Nicias with his ship deMitqred at 

Ang. 14 

iSfnne SI^A letd edSpee of the Moon. The neat day Perseus long ef Ma* 
jcedoiiin wne eonqnend by Paulns Emilius. 


An edipse ef die Sun. Hie Petdsns beat by Conon in a sea cn* 


AftB Christ. 

dfMAprilSO. 
S37ApdllS.| 
306 Inly 87< 
846 May 4. 


lOOdUr 


llSIjAitg. 


I An edipse of the Sun. Thk is redconed smong the prodigies, on 
jsceoant of die murder of Aglippbus by Nero. 

A total edipse of the Sun. A eign that the reign of the Goidiant 
•oW not contimw long. A dnth pemeention of die duistums. 

An edipse of the ran. The stars were seen, and the emperor 
CoDstenilns died. 

A dradfiil adipae of the Sun. X<ewis the Pious died widun six 
Bontbs after it " 

Aned^efdieSnn. Jeiomim^tdceB by the Saraoena. 

AtenUdeedi^efdieSnii. The stars wise eeen. AsdiJimin 
die churdi, ectaiionad I 7 dmm bahy three Popes at once. 


s TMterit|isehs p| ims4la6isf*?mraftln P i to y o i iw i ri i H wsfc 



cA^xrm, 9an 

929> I have not oted one Ifailf ef Biodohii's Bstef 
•^portentous eclipses; and for the seme reason that be tfamt 
dedines giving any more oC them than what t^t 
contains; namely, that it Jb janoBt disagreeable to gstdt 0 ei%. 
dwell any longer on such nonsense, and os much'as 
possible to avoid tiring the reader: the superstition of the uu 
cicnts may be seen by the few here copied. My author fiuther 
says, diat there were treatises written to shew against what re- 


^'gions die malevolent effects of any particular eclipse were aim¬ 
ed : and the writers affirmed, that die effects of an eefipse of the 
Sun contintfed os many years as the eclipse lasted hours; and 
that of the Moon as many months. 

830. Yet such idle iiptions were once of no small _» 
advantage to Christopher Columbus, who, in the mm onwfiw 
>car 1493, was driven on the island of Jamaica, 

«• it is COltt0lblBh* 

where he was in die greatest distress for want of pro¬ 
visions, Olid was moreover refused any assistance from the hv 
habitants; on which he threatened them with a plague, and 
told them, that in token of it there riiould be an edtpse; sHbich 
accordingly fell on the day he had foretold, and so terrified the 
barbarians, that they strove who diould be first in bringing hSm 
all sorts of provirions, throwing diem at his feet, and implor. 
ing his forgiveness. Rioaolus's Almagest, vid. i, 1. v, c. ii 

331. Edipses of the Sun are ramie frequent than 
dinse of the Moon, because the Sun's ediptic limits uetaarevis- 
are greater than the Moon's, § 817: yet we have £ 
mure visible eclipses of the Moon than of the Sun, die 
because edipses of the Moon are seen from dl ports 
of that hemisphere of the Earth which is next her, and are 
equally great to each of those parts; hut the Sun's edipses are 
viriblconly to that small portion of the hemisphere nest him 
wberran the Moon's shadow falls; as AalEl lie esplaincd by and 


1 


4 


by at large. 

832. The Moon'ii dribit hesog dlipdcal, and die Earth in 
one of its fod, riie is once at her least distance frmn the Earth, 
and once at her greatest in every lunaUon. When thelifocni 
changes at her least distance from the Earth, and so near the 
node that her dark shadow ialls'Upon the Earth, ahe appears 
big enough to cover the whole* £se of the Sun from that port 


« ^IdMBghjthe Sub «aaModnut<f|)lwied bodies, MHn earn ltoEkitb,li^ 

qipcu to bo ciKidoi'plonei; ond so would tbo Esrtfa do, if it were imb Aod the 
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Md^cdblM **** ^Wch het iftuidow fiilU; and the Sun appear* to¬ 
ur Uw^iiu ac|ipacd Uiere» as at for some iniiiuteh: Imf 

riateXJ. whcHB the Moon dbangcs at her greatest distance 
from the £i||rth» and so near the ^pode that her dark sliodo^ is 
(Urected toirtitlfdfi the Karth, her dunneter subtends a It'ss angle 
than the SNin's; and thcrerure she cannot hide his nliulc disc 
fromaUjf part of the Earth, nor does her siiodoH reach il at that 
to the place over vihuh the )Mnnt of her shadow 
li«Bn.Ae * ellipse 18 annular, as at Ji; the Sun's islge a]. 
poarhig like a linninous ling all around Uio bixlv of the Muon. 
When the ciiange I«ap}H:iiH witiun 17 degrees of the iukIc, and 
t}ie Moon at her mean distann from the Eaith, the {xiiiit of 
her sl^ow just touches the liurtb, and she eclipM s tin Nun 
totfdly to that snudl s]X)t whereon her shadow falls; but the 
darkncM is not cd* a momenl''s continuance. 

^ tiiiiiiiM Moon's apparent diameter wluii laigist 

4atti{aBa^ exceeds the Suii'ii when leobt, only 1 minute db si- 
®ouds of a degree: and in the greatest ellipse of‘ the 
Sun that can happen at any time and place, tlx tia<il 
dadknesB continues no longer tlun whilst tlie Mixm is going 1 
)tl4kiute S8 bcconds from the Sun m her oibit, whiih is alxuit i 
nStiutcs and 13 seconds of an liour.^'' 

* . , dS4. Tlie Moon's daik shallow cincrs onU a spot 

c#dMBHih on the Earth's 8urfac4;, about 180 I'nglish miles 
broail, when the Moon's diameter ap(x\us laigcst 
jMtuu/ «. and the Sun's least; and the total darkness i.ui i\- 
tend no farther than the dark shallow to\eis Yet 
the Moon's partial shadowr or jxinumbia inn} tlun 
cover a circular 8 |micc 4000 miles in diameter, within all wluih 
the Sun is more or less eclipsed, as the places arc less or mou* 
distant fitan the centre of the penumbra. When the Mixm 
changci exactly in the node, the ixmumbia is cinul 4 r mi the 
jBarth at tlic middle of the general ^ipse; because at that time 
it iUls perpendicularly on the EartbSi surface; but at every 
other momciit it falls obliquely, and will therefore be cUipucal, 

ICsoB. Tto s|i|MM8fl7 flit 8 ui£uS| of Uw Sod tad Mopocre called tbdr duel by 


^ It i^cMi frwa die aecmate ii|aaiwli(iiu of modem utrononien that the Son’* 
wMNnt dummer wiiCB naollcM i» 81' ftT, and tlwt the Moun’a duuneter wben 
mtfUt la SS' 34*. Toad darinicai, thenfbre, nmy oontinnc 4 miautc<i 0 Koonda, aa 
is Ml tune tbe Sfooo moves ditoug^ thstyam of 2* fi*, the difibence bctKCen the 
lfoaa*agrcoteat and tha Sua’skaat dMaMMt«-.£di 
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and the more 80 » os tlie dmo is longer before or dfler (he middle 
*uf tlic general eclipse; and then much greater portions of Aie 
KarthV Kurfaec arc involved in tlie penumbra. 

335. When the penutnbra first toudics the Karth, ^ 

' the general eclipse begins; wbm it leaves tiie Earth, general and 
tin* general ecli{)j»c ends; frOm tlie beginning to the 
<‘nd the Sun appears ecbi>sed in some juirt of the 
Earth or other. When tlic {)cnumbra touches any jdacc, the 
^li[)se Ik'gins at th.at place, and eixls when the |x>numbra leaves 
it. When tlie ^fcx>n changes in the nmle, the jxsnimbra g(x;s 
over the eeiilre of the Earth's liiM; as seen fnim the M(x>n; and 
fHinsecjiiently, 1^ describing Uie longest line pos.4bIe on the 
Eortli, continues |he longest upon it; namely, at a mean rate, 
5 hours .!)0 minutes: more, if the Moon be at her greatest dis. 
taiice from the Earth, because sliC dten moves slowest; less, if 
siie Iw at her least distance, because of her qukker motion. 

To make the last five articles and several xr. 
other phenomena plainer, let S be tlie Sun, JS the ^ 
Kartl), M the Mism, and J MP \he Moon's orlnt Draw the, 
riglit line l^r iram the western ride the Sun at W, touch* 
%g tlie western side of the Moon at c, and the Earth at 
draw also the right line F d 12 from the eastern ride of the Sun 
.'ll r, touching the eastern ride c£ the Moon at df and the Earth 
at 12: tile dark*space celftd included between those Unes is 
tiie Moon's shadow, ending in a point ft 12, where 'i%e ^foon** 
it touches the Earth; because in this ease the Moon 8i»«iow, 
is siipp(Micd to change at M in the middle between A the apogee, 
or furthest point of her orbit from the Eaitli, and/*the perigee, 
or nearest }X)iiit to it. For, had the point P been at JIf, the 
Moon liad bc«i nearer tlie Earth; and her dark shadow at r 
would hm^e covered a space upon it about 180 miles broad, and 
the Sun would have b^ tota% darkeited, aa at A (Fig. 1), 
with some continuance: but had die ^loint A (Fig. 2), been at 
M, the Moon would hav^ been fatthcr from the Earth, and her 
sliadow would have ended in a point about e, and therefore the 
Sim would have appeared, as at B^ig. 1), like a and pemm- 
luminous ring all around the Moon. Draw the right 
lines IF Xd h and VX c touching tlie contrary rides of the 

Sun and Moon, and ending on the Earth at a and b: draw also 
the right line S X M '12^ fitan the centre of tlie Sun's cfisc^ 
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^mnigli the KoQB'teqtttreto the Eerth at 19; aod euppciec the 
tffb former hoes WXdh and VXeg'to revolve on die line S 
X 12 an Ml axu» and their pmnu a and b will dracribe die 
limita cf the jxiiuinbra T T on the EarthV surface, including 
tlw large qpace a 0 d 19 a; within which the Sun a{ifK*ars more 
or kfi edipsed, as the places are more or less distant from die 
verge nO b of the penumbra. 

^ Draw the right line ,y 12 across the SunV disc, 

******* pcqiendicular to SXJftihe axis of the |}cnumbr«» 
dicn divide the line^ 12 into twelve equal parts, asm the figure 
for the twche digits of the Sun*s diameter: and at c(]ual dis¬ 
tances from die centre of the penumbra at 12 (on the lUf th's 
surface Y YJ to its edge a 0 6, draw twelsescoiieentnc envies, 
as maiied with the numeral figures 1 2 fi 4, &g. and renicmlier 
that the Moem's motiim in her orbit jI if P is from west to 
east, as from 4 tot. Then, 

The jx. o t i ®® observer on the Earth at b, the eastern liiiili 

fhwei U B of the Mocm at d seems to touch the western liinh of 
■olar «di|M. ppr^ Miion isat if, and tlie Sun’s 

arifpse beg^s at b, iqipearing as at J in Fig 3 at die lefl haiul^ 
j^lntt, at the same mcmient of absolute time to an oWrver at a in 
Fig. 2. die western edge of the Mtxin at c leases the enstiin 
edge of the Sun at F, and the eclqiseends, os at the right lunrl 
C of Fig. 3. At the very same instant, to all those who h\ e on 
the cirde marked I on tihe Earth Ein Fig. 2, the Moon if cuts 
off cw darkens a twelfth part of the Sun S, and e(4ips(.s liini one 
digits as at 1 in Fig. 3 : to those who live on the circle markeil 
2 in Fig. 2, the Moon cuts off two twelfth fiarts of die Sun, as 
at 2 in Fig. 3: to those on the circle 3, three parts and so on 
to the centre at 12 in Fig. 2, where the Sun is centrally cclipsi d, 
^ as at B in the middle of Fig. 3; under which figure 
there is a scale of hours and minutes, to shew at a 
mean state how long it is jTrom the beg^ning to the end of a 
central eclipse of the Sun on the parallel df London; and how 
many digits ue edipsed at any particular dme from |he be¬ 
ginning at J to die middhint JST, or the end at C. Thus, in 16 
minutes from the l)eginiitn|f, the Sun is two digits eclipsed; in 
an hour and five minutei^ eight ifigits; and in an hour and thirty- 
IBfen minutes, 12 digits. 

iiB37. Bj Fig. 2 it is plain, that the Sub is tptally or centrally 
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cvlipscil btit to a imall part of the Earth at any time; because 
* the dark conical shadow e of the Moon M falls but on 
a small part of the Earth; and that the partial eclipse 
is confint'd at dial time to the space induded by the cirde aObf 
of which only one>half can be projected in the figure^ the other 
lialf lx‘ing snppo!»od to Ik» hid by the convemty of the Earth £: 
and likewiiK.% that no partsof the Sun is edipsed to the lai^ space 
i y of the Earth* liecausu the Moon i» not between 
^nc Sun and any of tliat part of the liirth: and ofOieS^w 
therefore to all that jiart the cdijisc is inviMble. The A^wonilte 
Earth turns eastward on its axis* as fmm ffio h, 
which is the same way.that the Moon's shadow moves: but the 
McKtn's inolion is much swifter in her orlnt from a to t: and 
therefon*, although eclipses tlic 3un ore of Imiger duration, 
<m account of the EartliV nietion on its axis* than they would 
1h‘ li'that motion was stopped* yet in four minutes of time at 
most* the Moon's swifter motion carries her dark ^shadow quite 
over an\ plau* that its centre touches at the time greatest ob- 
st*tii.ition. Tlie motion of the shadow on the Earth's disc is 
i.i]u.il to the Moon's motion from the Sun, which is about 80^ 
iiiiiiute*i of a degree every hour at a mean rate; but so much of 
tlu‘ Moon's oibit IS equal to 30 J degrees of a great circle on the 
1^'iarth, ||{ (i’iO , and therefore the Mtxni's shadow goes 30^ de- 
greis, oi 1S3U geographical miles on the Eortli in an hour, or 
tildes in a miniUc, winch is almost four times as swift as the 
luotKin of a cannon liall. 


338. As seen fiom the Sun or Moon, the Earth's axis appears 
differently inclined ev er^ day of the ) ear, on account of kcejnng 
Its })ar.ilielisin throughout its annual course. Let E, _ ^ 

Of Nf be the Eartli at tlie two equinoxes and the * 

two solstices* NS its axis* N the north pole, S the south pole, 
JE Q the equator* T the tropic of Cancer* t tiie tropic of Capri¬ 


corn* and AB C the circumference of tiie Earth's en- phenomena 
lightened disc as seen from the Sun or new moon al of the l^rth 
these tunes. The Earth's axis has the positioa Jhe*^if”or 
A'E S' at the vernal equinox, hiiic towards the right 
luncly as seen trom the Suu or new moon ; poles tiaietoffbe 
N and S being then in tlie circumference of the disc; 7^* 
iiiid tlie equator and all its parallels seem to be stra^ht, lines, 
liceause their pkties pass tfarough tine observer's eye looking 
down upoii'thc Earth from the Sun or Motm directly over E, 
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where the ecliptic F G intcm*ct& ibc c()iialor At the wini- 
iner solstice, the EarthV axis lias ihc fKisiiion NDS t anti that 
jMirt of the ccli]>tic iii mhich the ^loonih then new, toiiclus 
the tropic of Cancer T :ii Ih The north pole X at that time 
inclining; 23% dogreev loHarJs the Sun, falU so main dep <>• 
uitliiu the Earth's eiih(r|tU iukI (ii<>e, lK‘caiise the Sun is tlien 
vertical to /), 23J lle«;l•^‘e^ noith of th<* tqiiator J'j Q: ami the 
etjuator with all its jur.tllels s(>ein illijitic lur^es tx'mlinf; tlown-* 
ward, or toward the south (xtle, ns sivii iroin the Sun: which 
pfile, together with 23j degrei‘s all loiiiid it, is hit) behind the 
disc in the dark heiiiis]>h('re o( I lie Earth. At the nutuinn.]t 
equinox, the I'kirth's avis h is thi> jxisition A'A', i\in£> to the 
lefl hand ax mvii from the Sun nr new mixm, w'hieii are then 
verticaJ to O, wHotc the ecliptic cuts the <*fpialor u7' Q. Ilotli 
pole.s now' lie in the circumference of the disc, the noith |Kile pi-* 
going to disapjiear liehind it, and the aoutii jxile pist intunii* 
into it; and the c<|ualor, with all its jHirailels, Mxmi to ho straigiit 
lineb, liecausc their planes jmss through the observer’s eye, as 
seen froiti the Sun, and very nearly so as seen from the Mfsni. 
At the winter solstice, the Eaith's avis has the jxMiion A'A'A . 
when its south pole A', inclining degreis towards ilie Sun, 
falls 23^ degrets within the enlightened di>e, as -•een from the 
Sun or new Moon, winch are then vertieai to tiie tropic of ('•!- 
pricom /, 23| degrees south of the Mpiutor ./J Q; and thi* i ipiator, 
with all its parallels, seem clliptie cur\es heiiding upward ; the 
north pole heiiig as far hid iK'hind the disc in the dark heim 
sphere, as the south pole is c-ouie into the light. The lu.irer 
that any time of the year is to the eqiiinoxes or solstices, the 
more it partakes of the phenomena relating to them. 

*339. Thos it appears, that from the \ernal equinox to the 
autumnal, tlie north pole n enlightened ; and th(* er|uator .ind 
Vsriompo'i. parallels appear elliptical as seen from the Sun, 

uema of tlie more or less curved as the time is nearer to or far- 
tiler from the bumner solstice; and liending dowli¬ 
the Smi »t wards, or towards the south iwle; tlie reverse of 

jUflariint ^ * 

tiStesofthe '^hich happt'us from the autumnal equinox to the 
yew* venial. A little connderation will be suAinent to 

convince the reader, that the Earth's axis inclines towards the 
n at the summer solstice; from tlie Sun at the winter solstice; 

Old adewise to the Sun at the equinoxes; Init towards the rigl.< 
hand, as seen from tlie Sun at the venial equinox; and toward*. 
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the leil hand at the autumnal. From the winter to the Bummer 
' solstice, the Earth's axis inclines more or less to the right hand, 
O'! si'Cii from the Sun; and the isnitraiy fnnii the siunmer to the 
winter scilstitv. 

The different po«<itioiis of the Earth's axis, 

.'IS ^'en froin the Sun at different times of the year, potitions tl- 
iiffoct solar eclijises grisirty uitii regard to ])articular 
^iiuvs ; M> far indeed as would make central eclipses 
which fall at one time of the year invisible if they fell at an* 
other, e\ei^ though the Moon should always change in the 
iKsles, iuul at the same hour of the day : of which indefinitelv 

m • 

sarious uifectiutis, we <}hail only give examples for the times ot 
the e(|U]iio\es and solstices. 

In the sime diagram, let FG ho jiart of the eclip¬ 
tic, and I A\ i h\ i A', i /!', part of tlie Moon's orbit, 
iHitii seen edgew ise, and therefore projected into right lines; 
and let the intersections A', O, D, F, be one and the same node 
.‘It the aliove times, when the Earth has the fore-mentioned dif- 
feieiit [Kisitions: and let tlie s|)acrs included by the circles, F, 
p, jK p, Ik‘ the })enimil)ra at these times, as its centre is passing 
oMi’ the centre of the Earth's disc. At the winter solstice, 
when the I«j.irlh\ axis has the}XJsition NK the centre of the 
p(>iuiinl)]a P toiiehes the tropic of Caprieorn t in K at the mid- 
iili> of the (leiieral eclipse*; but no part of the penumbra tout‘lics 
the tropic of Cancer T. At tlie summer solstice, when Uie 
Earth's u\ih has the jKisitiuii N D S (\ J) k being then part of 
the Moon's orbit, whose node is at D)^ the penumbra p lias its 
ct‘iitre at 2), on the tnipic of Cancer 7\ at the middle of the 
general ix'lipse, and then no part of it touches the tropic of 
('apricorii t. At the autumnal equinox, the Earth's axis has 
the }K)sition OS (i O k being then part of the Hi loon's orbit), 
and the penumbra etpially includes part of both tropics T and 
/ at the mitlille of the general eclipse: at the yemal equinox it 
din's the same, because the EartK's axis lias the jiosition NFS: 
hut, in the former of these two last cases, the penumbra enters 
the Earth at north of the tropic of Cfticer T, and leaves it 
at m, south of the tro])ic of Capricorn t; having gone over the 
Earth obliquely southward,as itscentredescrihecfthelineul 0 m: 
whereas, in the latter case, the penumbra touches the Earth 
south of the equator jE Q, and describing the line nFq 
(similar to the former line A O m.in open space), goes obliquely 
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northward ova* the Earth, and leaves it at q, nortli of the equa¬ 
tor. 

In all these rircumstances the Moon has been supposed to 
dianjype at noon in her descending node: had she changed in her 
ascending node, the jihemmiena would have licen as \ aniiusi,t!ie 
oontraiy way, with iispcct to the penumbra's going northvijliird 
or southward over the Earth But bei'aiisi' the Moon ch.t i{>(‘s 
at all hours, as oflen in one ikkIc as in the other, and at all cits- 
tances from them Uith at different times as it happens, the a<i- 
riety of the phascb of eclipses are almost innumerable, e\ en at 
the same places; considering also liow variously the same {ilaces 
are situated on the enlightened disc of the Earth, vith lesiKrt 
to the penumbra's motion at the different hours >^1 kii ethpsts 
happen. 

„ . ^ 341 When the Moon changes 17 degrees shoit 

thepenurabn of her descending luxie, tlie }X>numlira 18 just 
SP* u®" touches tlie northern part of the Earth's disc, iieai 

fmntdw. the north pole N; and, as seen from that plan, the 

Moon appears to touch the Sun, but hides no p.u t of 
him from sight. Had the change liecn as far short 
of the ascending node, the penumbra aould lunc touched the 
southern port of the disc near the south {Mile S When tiie 
Moon changes 12 degrees short of the dcbcending mxle, nioie 
than a third part of the penumbra P 12 falls on the iioitliein 
parts of the Earth at the middle of the general eclipse . had she 
changed as far }xist the some node, as much of tlie other side of 
the penumbra about P would have fallen on the southern prt 
of the Earth; all Uie rest in the cjjjamnm or open space. 
When the Mexm changes 6 degrees from the node, almost the 
whole penumbra P 6 falls on tlie Eortli at the middle of the 
general eclipse. And, lastly, when the Moon changes m tlie 
node at the penumbra PN takes the longest course possible 
on the Earth's disc; its centre falling on tlie middle tliercof, at 
the middle of the genmtd eclipse. The farther the Moon 
changes from either node, within 17 degrees of it, tlic shorter 
is the penumbra's cdhtinuoncc on the Earth, because it goes 
o\er a less jiortion of the disc, as is evident by the figure. 

The ivui'i nearer that the penumbra’s centre is to 

dfuml mo- the equator at the middle of the general echpsc>, the 
?ni* A "dllllk. longer is the duration of the echpse at all those plat<*s 
tion of Mhr where it is central; because, the nearer that any place 
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is to the equator, tfie f^reater is the circle it describes 
by the Earth's motion on its axis: and so, the place the pidar dc. 
ino\ ing quicker, keeps longer in the penumbra, whose 
motion is the same way with that of the place, though faster, as 
bet'n already mentioned, § 337. Thus (see the Earth at 
and the penumbra at IS), whilst the point b in the polar 
ciylie abed is carried from 6 tor by the Earth's diurnal mo- 
^i()n, the |XMnt d on the tropic of Cancer T is carried a much 
greater length from dto D; and therefore, if the penumbra's 
centre gtx>% one time over C and another time over D, tlie 
]K‘niimbra will be longer in passing over the moving place d 
lluin it tv as in passing .over the moving place b. Consequently, 
central iH'lipscs about the poles are of tlie shortest duration; 
and alxviit the etjuator the longest. 

343. In the middle of summer, tlie whole frigid Andhhorten* 
/one ineliided by the polar circle abc dib enlight- 

eiied; and if it then happens tliat the penumbra's fiji within 
tentre goes over die north pole, the Sun tv ill be tbew dicks, 
eebpsi'd nitieli the same number of digits at a as at r; but 
whilst the }K'iiunibra moves eastward over c, it moves westw'ard 
titer o, because, with respect to the penumbra, the motions of 
a and c are contrary; for c moves the same way with the pe- 
iinnibra towards d, but a moves the contrary w'ay towards ft; 
and therefore the oclijtse will lx; of longer duration at c than at 
a. At a the eclipse begins on the Sun's eastern limb, but at c 
on his western: at all places lying wnithout the polar circles, 
the Sun's eclipses begin on his western limb, or near it, and 
end on or near his eastern. At those places where the penum¬ 
bra touches the Earth, the eclipse b^ins with the riring Sun, 
on the top of his western or uppermost edge; and at those 
places where the penumbra leaves the Earth, the eclipse ends 
with the setting Sun, on the top of his eastern edge, which is 
then the uppermost, just at its disaj^aring in tlie horizon. 

344. If the Moon were surrounded by an atmo- jfoon 
sphere of any considerable density, it would scorn faas no atma> 
to touch the Sun a little before the Moon made her ‘•P*'®”* 
appulse to his edge, and we should see a little faintness on that 
edge'beforc it were eclipsed by the Moon: but as no sudi 
faintness has licen observed, at least so far as I ever beard, it 
.^ems plain tlmt the Moon has no such atmosphere as that of 

the Earth. • The faint ring of light surroun^g die Sun in 
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Icilal eclip*ics» called by CoHhini \a Chevclurr du S<dcilt bcems 
to l»e the atiiKKiphcrp of the Sun, because it hits l>cen olxtcrvcd 
to iiio\e etjually aith the Sun, and not with the Moon. (Sec 
§ 58, Note.) 

EclijMtt of 845. Having been so prolix coTirerning et*lipse«.ior 
the Moon, jjjg gun, >ve shnll dn»p that siihjci't at preseul, and 
proceed to the diKtniu* of lunar eclij>sc> which, hcingit^ore 
simple, may be explained in less tune i 

That the Mtxin cun ne\er be eclipsed but at the time oi 
riateXI. the n.ison why she is not 

Fie* 2. eclipsed at e\er\ full, has hem shewn alre.'id\,* 
316, 317 lAt .y lie the sun, /J the r„irlli, H R the laith's 
bhaduw, and Zf the Minui in ojipisition to the Sun in this si¬ 
tuation the F.iirth intercepts tiie Min's light in its wa\ to the 
I^ltxin; and when the Miniii toiuhcs the Knith's shadow at r, 
she begins to lie eclipsed on iier msleiii Innh ,r, and continues 
eclipsed until her western liinh// lea\cs the sli.idow at a at // 
she U in the middle of the shadow, and consLipimtU in the 
middle of the wlipsc. 

346. The McKin, when tot4ili\ eclipsed, is not iiiMsihli, if 
«he be aboie the hon/on, and the sk\ he cle.ii. hut appeals 
generally of a dusky colour, like tciinish(d (upper, whuli 
"WTi th ha\e thought to he tin ^loon's ii.itixe iight.' 

Moonii^i* cause of lur being \isihlc is the 

tal**hle***" **‘'®^**^*'®^ beams of the Sun, hent into the Ikirtli's 
^ * shadow by going through the atniosphiTe, whuli, 
being more dense near the I'nrth than at (onsider.ihle heights 
above it, refracts or bends the Sun's iii\s more inwaid, 
179, the nearer they arc {ws^ung b} the Karth's surbiee, 
than those rays which go through higher partA of the at¬ 
mosphere, wrhcrc it U less dense according to its height, niitil 
it be ao tliin or rare as to lose its refractive power. Let the 
circle y*/?’A i, concentric to the Earth, include the atmosphere, 
whobe refractive power vaiiihheit at the heightsy'and i ; so tii.it 
the rays Wfw and Vi v go on stiaight, without siiffiL'ring the 
least refraction; but ail those rays which enter the atinospht re 
hetwcen,/‘and Hr, and 1 h tween i and /, on opposite sides of the 
£)artli, are gradually more bent inward as tlie> go thro.igh a 
greater portion of the atmosphere, until the m\s Wk uno VI 
touching the Earth at m and n, arc lu'iit so much as to iiiciM 
at jr, a little sliort oi* the Motm; and tlicrcfore thw doik blia- 
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clow of tJic Earth ia contained in the apnoe moqpn^ where 
none of the Sun\ raja can enter: all the rest R being 
ini\ed by the acattered rnjR wliich are refracted as alxive, ia in 
sniiie incasiire enlightened by them; and some of thoae rays 
l^ing on the Mckmi, gi^e her tlie colour of tarnished copper, 
cn^tf iron almost red hot. So that if the Earth had no at- 
nuiHiliere, the Mckiii would be as iruisible m total eelijises as 

Mt^ii^ieii new. If the !Moon were so near the Iwth as to 
*^o into its dark shadow, supjiose alxnit/lo, she would lie iii- 
sisible during her sta} m it, hut \isil)ie before and after in 
the fainter Miadow RRr 

JJt7. IVHien the Moon aoes ihroiigli llie centre of „ 

■ 11 1 1 U • I I 1 WiytheSun 

till r.irth s shadow, she is diri'etl^ opposite to the 4 nd Moon 
Sun \et the !Mcx>n has Ixeii oltin scon totallv i*clii)- some- 

v V 1 times 1 isiblff 

sid HI the liori/on wlieii the Sun was .dsu Msihle in when the 
the i>j>j)o^ite part of it; for, the horizontnl refraction 
biun* almost immites of .i degree, |:j 181, and the 
di.mieter of the Sun and 3Ioon being each at a mean state but 
minute's the rifnietioii causes both luminaries to appear 
.J)o\e the hori/on whin tlie\ are real!} below it, 179* 

118 Whin the ^liKin Is full at 12 degices from ^ 

t illur oi her iumIcs, she )usi toiu lies the I'ai th's sha- ** ** 
dow, bill diK's not tiller into it. Let GII lie the ttliptic; ef 
the Mixm's oibit wlme she is 12 degrees from llie node at her 
fii'l, ( d her orbit wheie shb is fi degrees fi'om the nude; ab 
111! orbit will re she is full in die nixie; AR the Earth's sha¬ 
dow, and M the AIooii When the Muon describes the line 
Ishe just touches the shadow, but does nut enter into it; 

* riic r\p] ination lirrc (iim n 1)\ Mr. 1 en^uson is no doubt latisfactory, in so ftr 
isrt'irds till luminous <ippeIraniI’ot thi Moon; but the red copper colour whidi 
kill Assumes still requires explanation. Vt hen a beam of white Lglit passes through 
a lung tiaik of air, it ala tys inrlinit. to a red tolour. The blue or most reftangible 
raysmoiing with less luumcntinii, are stflp|ied in thdr uiune, while the red rays 
being kast rifnuigible, and niosing with greater luumcntum, will lawly penetrate 
the rtsisling iiieduiiii. Tins is csulint also from the appiarance of the Sun and 
^loon in the hori/on; from the red colour of the morning and esening clouds; from 
the redness nt the f>ca at great depths as seen by diser>, and irom tlie appearance of 
Zimiinois (iliiictb in a kv'gi mglit. Now ini light wliiih piSMs through die atmo- 
sphrte .It m and n, (IMiit XI, I'l^. moves thn ii >i the lo gist posubli ttorfc of 
air, ylTd rhcrstori iiuisi emerge from the itniosphire ol i diipir red uilour tlian the 
ligh/wliuli rtddiiis thi iiiormng and evening clouds. 1 Ins rid light being retracted 
yf flu ..t tio'()hert, is bent iiiui the I'aitli's sliailuw, and lauscs tiiat ruiul) topper 
* 11 wliith «‘k Moon geiiculli Hibuiiies m luiui lelipMS.—i d. 
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when die describes the line she is totally, though not ceii> 

Duration of **^***y» i® shadow; and when ahe de- 

(catrai tc^ sciihes the line a b, she passes by the node at jlf in 
Nool ^ centre of the shadow, and ti^es the longest line 
posaiAdc, which is a diameter, through it: and 
an eefipse being both total and central, is of the longest ,4u> 
ration, namely, 3 hours 57 mimites 6 ^>conds from the begin¬ 
ning to the end, if the Moon be at her greati'st distar c frt m 
the Earth: and 3 hours 37 minutes 26 seconds if die he Sv 
her least distance. The reason of this difference is that when 
the Moon is farthest from the Eartli, she moves slowest; and 
when nearest to it, quickest. 

. 349. The Moon’s diameter, os well as tlie Sun's, 

^ is supposed to be diiided into twelve eipinl parts, 
railed Di^;* and to many of these parts a.s are darkened by 
the Earth's shadow, so many digits is the Moon eclipsed. All 
that die Moon is eclipsed above 12 digits, shew how far the 
shadow of the Earth is over the body of the Moon, on that 
edge to which she is nearest at the middle of the ecKpse. 

350. It is difficult to oliscrve evaiiily either the 
beginning or ending of a lunar edqise, even with a 

^^sluiur good telescope; bei'ausc the Earth'.s shadow is so 
d^dttTbe ilWefincd about the edgw^ that when the 

ileiemimcd MooD IS mthcr just toudiing or leaving it, the oh- 
ii 7 obKnra* ficvai^Cla^k of her limb is M'orce senwhle; and there¬ 
fore the nicest obsen'crs can hardly he airtain to 
four or five seconds of time. But both tlie licginiiing and end¬ 
ing of sdar ecliiwes are visibly instantaneous; fi»r the moment 
that the edge of the Moon's disc touches the Sun’s, his rouiid- 
Ti^w» seems a little broken on that part; and the moniont she 
leaves it, he appears perfectly round agmn. 

351. In astronomy, eclipses of the Moon are of 
great use for a-soertainii^ the periods of her motions; 
espeddly such eclipses as are olwcrvcd to be alike 
in all drcumstances, and have long intervals of lime 
between them. In geography, Ac longitudes of 

places are found by eclipses, as alri'ady shewn in the eleventh 
chapter: but for this purpose eclipses of the Moon are,more 

* Digiti m ntnr fleqnentljr cslled Dtgna^ *wh of which h TObdiridd into SO 
minniM. So ihtt the nHfiutudo of ocbpoct li oioowred in defect »nd miauiw.— 

Mi. 


The UN of 
edijioei in 

uuimmjf 
g^ognfhjt 
and ebnno* 

i«gy* 



CH. XIX. TlfE CONITtUCTIO)! OF THE FOLLOWIKO TABLES. 249 

useful than those of the Sun, because they are more frequently 
vittble, and the same lunar eclipse is of equal largeness and 
duration at all places where it is seen. In chipnology, both 
solar and lunar eclipses serve to determine exactly the time of 
post event: for there are so many particulars observable in 
c\|ry eclipse, with respect to its quantity, die places where it is 
\ i^le (if of the Sun), ^id the dine of the day or night, that 
niiTOStiible there can Ik* two Milar eclipses in the course of 
iimny which are alike in all circumstances. 

352. From the above explanation of the doctrine ThedarkneM 
of eclipses, it is e\ ident, that the darkness at our Sa- Saw- 
lioiir's crucifixiim was su])ernatiiral. For he suf- 
iered on the day on 41uch the jmsover was eaten 
by the .lews, on which day it w'as impossible that the Moon's 
shadow could fall on die Earth; for the Jews kept the pass- 
o\cr .It the time of full moon: nor does the darkness in to¬ 
tal ('clipscs of the Sun last above four minutes m any place, 
1;} 333; whereas the darkness at the crucifixion lasted three 
lioiirs, IVIatt. \xMii, 15, and oicrspread at least ail the land of 
Judea. 


CHAP. XIX. 

SIff WIN(. TIIF. PKINCIFLLS OV WHICH THE FOLLOWING ASTBO- 
NOMICAT. TABLFS ARE CONSTBIJCTKD, AND THE METHOD OF 
< 4L(rLATING THE TIMES OF NEW AND FULL MOONS AND 
ECLIPSES BY THEM. 

353. The nearer that any object is to the eye of an observer, the 
greater is the angle under which it appears: the farther from 
the eye, the less. 

The diameters of the Sun and Moon subtend difibient angles 
at different dmes. And, at equal intervals of time, these angles 
are once at the greatest, and once at the least, in somewhat 
more than a complete revoludon of the' lununary through the 
cclipdc, from any given fixed star to the some star again.— 
Tim proves diat die Sun and Moon ai:e constantly changing 
tlNur distances from the Earth ; and that they arc once at thmr 
^catest distance, and once at their least, in litde more than a 
complete aevoludou. 
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The ^ulual difforeiux'H of these angles arc not what tliey 
would be if the luininuries niovotl in circular orbits *he Karth 
licing siipp(»4.'d to be phu’cd at miiuc distunci* fn>ni the centre: 
but tlieV agrei* ]H*rfectl\ vilh cllijitic orbits, supjMihing the lower 
liK'us c^'eiich orbit to be at the centre of the Karth. ^ - 

The farthest {Kiint of each orbit from the Karth's ceiuil* Is 
calk'd tlie and tlie iiearcNt |)oim is calhd the — 

These points are directly op[x»sile t(» each other. v t 

Astronomers di\ide eai‘h orbit into 1.*^ e((u:ii ])ar\s, callei' 
siffns; each sign into liO equal jwrts, called c/fg*rnv cJU’h tle- 
gree into GO ef{ual pirts, culled mhmlc.s ; und e>er> niiiiute into 
GO equal jiarts, ciilkd mumh. The distance of the Sun or 
Moon from anvgi\en point of Its orhit, is reckoned in signs, 
degrees minutes, and .seconds. IIliv mc nicnn the distance 
that the luiiiinarv has imned through from any gi\eu point; 
not the .s|}ace it is .diort thereoi' in coming round ag.un, though 
ever .so little. 

^rhe distance of the Sun or M<»on from its apigiv, at any 
gt^en lime, i.s called its mean unnmalp ; so that, m the apigee, 
the anomaly is nothing; in the perigee, it is si\ signs. 

The motions of the Sun and Mixm are obserxed to U* eoii- 
tiiuially lOCcelerattHl Irom the apigee to the jierigee, and as gr;u 
dually retarded fnmi the perigee to the apigee; being slowest 
of all tdicn the mean anomaly is nothing, and swiftest of all 
when it is six signs. 

When tlie luminary iti in its a]Kigee or ])erigee, its place is 
the same a* it 'would be if its motion, were etjuable in all part^ 
of its orbit. The suppised cipiuhle motions are called mean , 
the uiie([uahle are justly called the Irue. 

The mean jilnce of tlie Sun or Mixm is always forwanler 
tliau the true place,^ w’hilst the luminary is imuing from its 
apigee to its jK'rigee; and tin; true place is alw'uys forwuidiT 
tiuin the mean, whilst the luminary is nuuing from its jierigee 
to its apigee. In llie former case, the anuuiuly is always less 
than si\ signs; and in the latter case, more. 

It lias lu'cii found, b\ a liaig series of obser\ation.s, that the 
Mm goc.s thr<iugh tlie tciiptic, fi-oiii the vernal equinox to the 
d.Mu‘ c(piin.»\ ag.jii, in days 5 hours 48 minute.*- oo sc* 

m 

* 1 (m* I Mint (-t (hi cdijMic in ulmh tlir Sun m MiM<n it .it hii) gwcii iiuuiiriit i 
%iue, IS ullol lilt: itUu't ut .Sun ut ,M<wii hI that tiiiu:. 
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Gonds: fn)m the first star of Aries to the same star agmn, in 
^5 days 6 hours 9 minutes 8^ seconds: and from his ajwgcc 
to the same again, in 365 days 6 hours 14 minutes 0 seconds. 
—The first of these is called the solar year, the second the 
y,)(}frcal year, and the tliird tlie anmnalisiic year. So that tlie 
holar year ih 20 minutes 29 seconds ‘•horter than the sydereal; 
anmlie sydereal year i\4 minutes 36 seconds shorter than tlie 
a^oimrisAtic. Hence it appears, that the eipiinoctial point, or 
Interhcction of tlie ecliptic and equator at tlie beriming of 
Aries, go<L liackunrd with respect to the fixed stars, and that 
the Suii'h ajiogee g<H's forward. 

It is also observed, that the Moon goes tlirough her orbit, 
IVom an> given fixwl slar to the same star again, in 27 days 7 
(lours 43 minutes 4 seconds, at a mean rate; from her apogee 
to her a]«>gee again, in 27 days 13 hours 18 minutes 43 se¬ 
conds ; and from the Sun to the Sun again, in 20 days 12 hours 
41 minutes seconds. Tliis diews, that the Moon's apogee 
mo\cs forward in the ecliptic, and that at a much quicker nttc 
than the Sun's a]iogce does; since the Moon is five hours 55 
minutes 35) .seconds longer in re\ol\ing fnnn her apogee to her 
ajKigee again, tlhin frtnii any sUir to the same star again. 

U’he IMoon's orbit crosses the ecliptic in two opposite points, 
w iiich are called her nodes: and it is observed that she revolves 
sooner from any node to the same node i^i^ain, than from any 
st.ir to the same st'u- again, by 2 hours 38 minutes 27 seconds, 
Avliieh bliews that her iicxies move backward, or contrary to the 
order oi‘ signs, in the celijitic. 

The time in wliieli the ^loon revolves from the Sun to the 
Sun again (or from change to chiuige) is called a lunation ; 
■tthich, according to Dr. Pound's mean measures, would alw'ays 
consist of 29 days 12 hours 44 minutes 3 seconds 2 thirds 58 
iimrtlis, if tlie motions of the Sun and Moon were always 
equable.^ Hence, 12 mean lunations contain 354 days 8 hours 
48 minutes 36 seconds 35 thirds 40 fourths, w iiich is 10 days 
21 lioiirs 11 minutes 23 seconds 24 thinls 20 fourths less than 
the length of a common Julian year, consisting of 365 days 6 
liours; and 13 mean lunations contmn 383 days 21 hours 32 
minutes 39 seconds 88 tliirds 38 fourths, which exceeds the 

hate Uiought proper to keep Dr. Found’s Icngdi of a mean luiuiioii, bc- 
uutc hu Humbert come nearer to the times of lUicient cclip&ts, than Mnci's do, 
without allowing for tfat Moou’s accdciation. 
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length of a ocnninon Julian year, by 18 days 15 hours 3S mi* 
nutes S9 seconds 38 thirds 38 fourths. 

The mean time of new moon being found fi:>r any ^ven 
year and month, as supptYse for j^furch 1700, old stylo, if this 
mean new moon falls Inter than the 11th day of l^farch, 

12 mean lunations added to the time of this mean new nKx>n 
will give the time of the mean netv muon in Mnit’h 1701,^iAcr 
having thronn off' 305 days. Ibit, nhen the mean nitlm 
happens to l)e K'fore the 11th of March, v,c must atv 13 mean 
lunations, in order to liavc the time of mean n^ w imK>n in 
March the year follo^iing: al^i.iys taking care to subtract 305 
days in common years, and 300 da).s in lea]))ears, from the 
sum of this addition. 

Thus, A. D. 1700, old style, the time of mean new moon in 
March was the 8th day, at 16 hours 11 minutes S5 seconds afur 
the noon of that day (viz. at 11 minutes 25 si'conds jaist IV 
ill tile morning of the 9t)i day, according to common reckoning). 
To this we must add 13 mean lunations, or 383 da)s 21 hours 
32 minutes 39 seconds 38 thirds 38 fourths, and the siiiii will 
lie 392 days 13 hours 44 miniiUs 4 seconds 38 tlimls .38 
fourths; from which subtract 365 da)s, Ik'csiusc tlii‘ )ear 1701 
is a common year, and there will remain 27 dais 13 hours J>i 
minutes 4 seconds 38 thirds 38 fourths for the time of mean 
new moon in Mareli^. n 1701. 

Carrying on this addition and subtraction till a. d. 1703, we 
find the time of mean new* moon in March that year to l)o on 
the 6th day, at 7 hours 21 minutes 17 .seconds 49 thirds 46 
fourths pa.st noon; to which add 13 mean lunations, and the 
sum will 1x! 390 days 4 hours 53 minutes 57 M*con(U 28 tlnriK 
20 fourths; from which subtract 3(K) da)s, lu'cause the )eur 
1704 is a lea]) year, and there will remain 24 days 4 hours 53 
minutes 57 seconds 28 thirds 20 fourths, for the time cif mean 
• new moon in March, a. d. 1704. > 

In this manner was the first of tlie following tables con¬ 
structed to seconds, thirds, and fourths; and then written out 
to the nearest seconds. The reason why we chine to begin the 
year with March, was to avoid the inconvenience of adding a 
day to the tabular time in leap years after February, oKsub- 

S acting a day therefrom in January and February in tk isc 
cars; to which all tables of this kind are subject, w'hicli beg^n t^ 
ar w itb January, in calculating Uie times of ncw cu> full uioona. 
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The mean anomalies of the Sun and Moon, and the Sun's 
mean motion from tlie ascending node of the Moon's orbit, arc 
set down in Talile III, from one to 13 mean lunatioiig.— 
These nuuilicrs, ibr 13 lunations, being added to tlic radical 
' ah'mialies of the Sun and Moon, and to tlu‘ Sun's mean dis- 
(aii|V from the ascending iukIc, at the time of mean new moon 
ill I larch 1700 (Talile 1,), w'ill give their mean anomalies, and 
tly KITiws mean dihtuiK'e from the node, at the time of mean 
lU'w inm^ii March 1701; and being added for 12 lunatioiity 
to those foy 1701, give them for the time of mean new moon in 
March 1702. And so on, as far as you please to continue the 
Table, always throwing off* 12 signs M'lien their sura excccda 12, 
anti st'tting dttwn the remaiiukr as the proper quantity. 

If the iuimbcr.s Iwlonging to a. n. 1700 (in Table ly lie 
subtracted from those belonging to 1800, we sliall have their 
whole differences in 100 ctmipletc Julian years; w'hich oo- 
eordingly we find to Ix^ 4 da\s 8 hours 10 minutes 52 seconds 
15 thirds 40 fourths, with reapcct to tlm time of mean new 
muon. These lK‘ing added together 60 times (always taking 
I'.ire to throw off a w'hule lunation when the days exceed 29g) 
making up 60 centuries, or 6000 years, as in Table VI, which 
w'us civried on to seconds, thirds, and fourths; and then wriu 
ten out to the nearest seconds. In the mme manner were the 
resp(‘cti\e anomalies and the Sun's dSbicc from the node 
found, for lhe.se ceiiturial years; and tnen (for want of room) 
w rote out only to the nearest minutes, which is sufficient in 
whole centuries. By means of tliesc two Tables, wc may find 
tbe lime of any mean new moon in March, together with the 
anomalies of the Sun and Moon, and the Sun's distance from 
-'^e node, at then* timc.s, w'ithin the limits of 6000 years, eitlier 
before or after any given year in the 18th century; and the 
mean time of any new or fulli moon in any given montli after 
March, hy means of tire third and fourth Tables, within the 
same limits, as shewn in the precepts for calculation. 

Thus it would be a very easy matter to calculate die time of 
any new or full moon, if the Sun and lifoon movedh^|uab]y in 
all parts of their orbits. But we base already sliewn that their 
ploim are nes'cr the same as they would be by equable motions, 
w'heu they are in apogce,or perigee; w hieh is, when tlieir 
t^an anomalie.s are either nothing, or six signs: and that their 
mean places are always forwarder than their true places, whilst 
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tlic aiionmly is less than nx signs; nnd tlunr tnie places ore 
forwarder Uian the mean, whilst the anomaly In more. 

Hence it *is evident, that %vliiist the Sin's anomal}'is les^ 
tlian bix signs, the M<K)n will overtake him, or l)e opfwsite to 
him, sooner than slie could if his motion >»erc eipiahle; hnd 
later whilst his anomaly is more than six signs. The grc>inest 
diflererice that can possibly happen lM<ween the mean aiubtnie 
time of new or full m(x)n, on ai'eoiint of the inequaib^of thr 
Sun's motion, is 3 hours 48 minuteh 28 seconds: ajm that is, 
when the Sun's anomaly is cither 3 signs 1 clcgree/ t)r 8 signs 
29 degrees; sexmer in the first case, and later in the last. In 
all other signs and d(‘gree.s of niioinaly^ the difference is gra¬ 
dually less, and vanishes when the anomaly is either nothing (tr 
bix »gns. 

The Sun is in hi.s apogee on the 30ih of June, and in ins 
perigee on the SOth of lX*eemlH.‘r, in the present age: si> that 
he is nearer the Earth in our winter than in our summer. The 
proportional difference of distance, duhicid from the differeiuc' 
of the Sun's apparent diameter at these times, is as 983 to 

1017. 

The [Moon's orbit is dilated in winter, and contracted in 
summer; therefore, the lunations are longer m winter than iii 
summer. The great|^ difference is found to Ik* 22 iiiimites 29 
seconds: the lunatimKncreabing gradually in length whilst the 
Sun is moving from his apogee to his perigee, and decreasing 
in length whilst he is moving from his ]>erigee to his a|K>gee.— 
On this account, the Mcnm will lie later ever\ time in coming to 
her conjunction with the Sun, or being in op|X)sition to him, 
from December till June, and sooner from June till l)ca*mlM'r, 
than if her orbit had continued of the same size all the }ear 
round. 

As both these diffcienecs dejiciid on the Sun's anomaly, they 
may be filly put together into one Table, and called TVir nti- 
nual, or Jirtt eqitathm of the mean to the true etpygy^ (see 
Table VllL This equational difference is to be subtracted fnini 
Uie time of the mean ^yz\gy when the Sun's anomaly is less than 
bix signs, and uddcil when the anomaly is more. At the 
greatest, it is 4 hours 10 minutes 57 seconds, viz. 3 houtr 48 

. sc 

* The sord •ytygy ugnifiet both the conjunclion and oppmition of the Sun aiiu 
Moon. I 
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ininutcR 28 sceonds, on account of the Sun's unequal motion, 
ami 22 ininiitcs 29 seconds, on account of the dilatatuin ot‘ the 
itfoon's orhif. ‘ 

This conqinund eqtialioii would lie suflident for reducinp'the 
mean time of new or lull moon to the true time thcrc<if, if the 
Mo(»n's orbit nen* of a ciicular form, and her motion quite 
eejuaV^ III It. ]bit the Mo m's orbit is more elliptical than the 
Suii’s, itbd her motion in it so much the more unequal. The 
difference\ho great, that she is sometimes in conjunction with 
the Sun, orVt o|ipositioii to him, sooner by 9 hours 47 minutes 
.?4 seconds, than she woukl he if her motion were cqiialile; 
and at olhe** tinicf as mjiich later. The former happens when 
her inccin anonndy is 9 signs i degroe.s, and the latter wlieii it 
is 2 signs 2(5 degrees. Sw I'able IX. 

At different dihlaiu^es of the Sun from the Moon's apogee, 
the figure of the Moon’.s orbit ficcomes diflierent. It is longest 
ot all, or most ecc(>iitrir, svlien the Sun Is in the same sign and 
degree cither %\ith the Mckiu's apogee or perigee; shortest of 
all, or least eceentrie, si hen the Sun's distance from the 
M(Kill's iqxigee is either three signs or nine signs; and at a 
mi an state iiheii the distance is either 1 sign 15 degrees, 4 signs 
].*> ilegi’ees, 7 signs 15 degrees, or 10signs 15 degrees. When 
the ItiiMin's orbit is at its greatest occent riatV ^ her a|xigea! dis> 
tiuici* from the Earth’s centn« is to her poigeal distance there¬ 
from, as 1067 is to 909; who# least eccentric, as 1049 is tor 
957; ami iihen at tlic moon state, as 1055 is to 945. 

15ul the SunV distamv from the Moon’s ajKigce is equal to 
the quantity of tlie IMiion's mean anomaly at the time of new 
nu^f, and hy the addition of six dgns, it becomes equal in 
quantity to tlie Moon's mean anofnaly at the time of full iiiiHin. 
'I’lioreforc, a table may be constructed so as to answer all the 
various inequalities depimding on the different ei'centricitiea of 
the Moon's orbit in the syzyjpes, and railed The second equation 
of the mean to tiie true aynijgtf (see Table IX) ; and the Moon s 
anomaly, tihen equated by Table VIII, may lx* made tlie pro¬ 
per argument for taking out tlie second (equation of time, which 
must lie added to the former equated time, when the Moon'.s 
anonudy is less than six signs, and subtracted nheii the anomaly 
is q^rc. 

There arc several other inequalities in the Moon's motion, 
which sometimes bring on tlie true syzygy a little siKiiicr, and 
at other times keep it back a little later, than it niAild otlier- 
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wise be; but they are so small, that they may be all omitted 
except two; the former of which (see Table X) depends on the 
difference between the anomalies of the Sun and Moon in tlic 
syzygics, and the latter (sm Table XI) depends on the Suifs 
distance from the Moon's nodes at these times. The greatest 
difference arising from the funner is 4 minutes 58 seconds; and 
ftom the latter, 1 minute 34 seconds. • ^ 

Having described the phenomena arising from tl^llicqpa. 
litres^ of the solar and lunar motions, we shall nc^ shew the 
reasons of these inequalities. 

In all calculations relating to the Sun and Moon, we consider 
the Sun as a moving body, and the Einth os a Ixxly at rest; 
riqce all the appearances are the same, whetlier it lie the Sun or 
the Earth that moves. But the truth is, that the Sun is at 
rest, and the Earth moves round him once a-year, in tlie plane 
of the ecliptic. Therefore, whatever ugn and degree of the 
ecliptic the Emth is in, at any given jtime, the Sun will then 
appear to be in the opposite sign and d^ree. 

The nearer that any liody is to the Sun, the more it is at¬ 
tracted by him ; and this attraction increases as the square of 
the distance diminishes, and vice versa. • 

The Earth's annual orlnt is eilipbeal, aral the Sun is placed 
in one of its foci ']^he remotest pmnt of the £artii'.s orbit from 
tlie Sun is called Earth'^s J^ulion; and the nearest pt>iiiL 
of the Earth's orlnt to the Sun is called The Earth's Peri- 
hdUm. When the Earth is in its aphelion, tlie Sun ap|)ears to 
be in its* apogee; and when the Kortii is in its jierihelioii, the 
Sun appears to be in its perigee. 

As the Earth moves from its a^dieUon to its perihelion, it \s 
constantly more and more attracted by the Sun; and Uiis at¬ 
traction, by conspiring in some degree with the Earth's motion, 
must necessarily accelerate it. But as the Earth moves from 
ks perihelion to its aphelion, it is ocmtinually less and less at¬ 
tracted by the Sun; and as this attraction aets thmi just as- 
much against the Ear|h'8 motion, as it acted for it in the otlier 
half of the orbit, it retards the motion in tlie like degree. Tlic 
faster tlic Earth moves, the fiister will the Sun appear to move; 
the slower the Earth moves, the sbwer is the Sun's apparent 
motion. 

Thtt Moon's orlnt is also elliptical, and the Earth keeps cun- 
■tiintly in one of its focuses. The Earth's attraction has tlie 
some kind of influence on the Moon's motion, as the Sun's at- 
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inwtaoD kac mi tlie motioii flf ihc Ettth: snd therefore, the 
Moon'e id|^tiiiii muSt W ooittiiiih% 0Bdent6d ivhilat Ae U 
pesuag lier appgeto tb her jiedigee t sod Mi npndtuUj re^ 
tardedmiiiovrag!fiMmherpttigmtoteipa||;Mii 
At the tiiiie of die ktdota ia beeret the Sun than 

the Earth ia. at Unit tiine^ by the vlmle seRndiameter of thc^ 
Moores orbit; which) Mt a mean state, ia MO^OOO ndies; and 
at the tuU, die is aa thndi fhrth^ fhomthe Sun dum file Earth 
then is. CtanaeqiiebUy, the Sun stUncta the MeonT more than 
it attracts the Earth in Um^farmer case, and lass in the latter. 
The diderenoe is ffMiat when the Earth ia neaicat the Srni^ 
and least when it is fiutbeit fnnn him. The obnous tveuk ct 
this is, that as the l^uth is neMrest to the Sun in winter, and 
farthest from hint in summer, the Moim'^a mbit must be dilated 
m winter, and ocpiincted in aummm. '« 

These are the principal causes cf the diiferende df time, |hat 
fj^enerally happens between the mean and true times ooojun&i 
tion or opponUon of the Sun and Mmim Aa^to the other two 
differences, vis. those whidi depend <m the difieroioe between 
the anomalies of the Sun dnd Mom, and tiqwn the Sun's dis¬ 
tance from the lunar nodesi, in the toinr^es, they are owiqg to 
*the different d^peesof attrietioii or Sun and EadSi upm 
tlM Moon, at greater or leMi distamha, aqpr^ng to thew re- 
(^Kctivc anomalies, and to the pOiilkte 'tiff the Mounh nodes 
with respect to the Sun. * 

If ever it diould happen^ that the anenssilies of both the Sun' 
Olid Moon were either nothing or dx dgns, at the mean time of 
new or full moon, and the^Sun ahoiild thm be in emjuoction 
witlj^ther of the Moon's nodes, all the aibove<meiitiaiied equn. 
uohs wduM vanish, and the mean and true thee of the syiygy 
w'ould comdde* Bht if ever tins dremnstanoe did happeta, we 
cannot expect the like again in many ages afterwardsi 
Every 49th lunation (or courae eff the Moon from change to 
change) retunis Veiy nearly to the aame Ume of the day as 
lieforei Ecir, in 49 mean lunations Uiere are 1446 days 2S 
licMirs 68 minutes S9 seconds S6 thirds^ wbidi wants but 
nute 30 seconds S4 thirds of 14ff7 daycu * 

In ;I968639065I08 days, there are 100000000000 tueaii lu- 
natipki exactly; and this is the smallest number of natural 
days in winch ai^ exact hiimber of mean lumUioiis are eom* 
pletcd. • 
vo£. n 
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Table VI omduIetL 



If Dr. Pound’s mean liUnatum (which we|,Jift\e kqpt !:^ in 
making thcbc tallies) Ik* added 7421^ times to itbett, Uj<^ aum 
snU ainotiut to GOOD Julian >ears 84 days 4 hours 59 nunutcb 
51 isceonds 40 Uu«ls j agreeing nvilli the first ^lart of Uje last 
line of thi** table, i^itbin half a second. 
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0 46 49 

0 49 20 

19 

2 0 U 

2 7 13 


0 49 17 

0 51 56 

50 

2 3 12 

2 9 50 

21 

0 51 45 

0 54 32 

51 

2 5 40 

2 12 25 

22 

0 54 13 

0 57 8 

52 

2 8 8 

2 15 2 

23 

0 56 40 

0 59 43 

53 

2 10 3f> 

2 17 38 

24 

0 59 8 

1 2 19 

54 

2 13 4 

2 20 14 

25 

1 1 36 

1 4 55 

55 

2 15 32 

2 22 50 

26 

14 4 

1 7 31 

56 

2 17 59 

2 25 26 

27 

1 .6 32 

1 10 7 

57 

3 20 27 

2 28 2 

28 

19 0 

1 12 43 

58 

2 22 55 

2 30 38 

29 

1 11 28 

1 15 19 

59 

2 25 23 

2 3.3 14 


1 13 55 

1 17*55 

60 

2 27 51 

2 35 50 


. In leapycars, after February, add otic day and one d<i}\ 
motion. 
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Talk XIIL Equatum the Stm*t Centre, or the •Difference bo* 
itveeu his Mean and True Place. 
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* Ta&fe XIF, The Sun‘9 Der&ut/um, 
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CH. XIX. 


TABLES FOE CALCULATING BCLXrSXA 


Table XV, Equation ^ Ike Sun’* mean DiHbnceJhm the Node. 


rgvmemt. Sun’s mesa AnonuJ 


Subtract 


Signib I S 


1 | 0 2 
0 4 

0 6 
0 9 

51 0 11 


i 


4 1 48 

6 1 49 
• 8 1 50 
.1 51 

1 52 


4 1 53 2 

6 1 54 2 

7 1 55 2 

8 1 56 2 

9 1 57 2 


0 44 
0 46 
0 48 
0 50 
0 52 


0 54 1 43 
0 56 1 44 
0 58 1 45 
1 46 
1 47 


1 50 


11 10 9 

Signs. • Signs. I Signs. S 


Add 


11 


i 


0 52 


l»T«l 


0 

48 

0 

46 

0 

44 

0 

42 

0 

40 

0 

37 

0 

35 

0 

33 

0 

31 

0 

20 

0 

27 

0 

24 

0 

22 


3 1 59 1 21 

4 1 58 1 19 

4 I 57 1 17 

4 1 56 1 15 

4 1 55 1 13 


1 54 
1 53 
1 52 
5 I 1 51 
1 50 


4 [yi 

Si9u. |5 


















































TABt£S rOB CAtetJIATtXa scr,t?jl£fi. 


rn. BIX. 




TMt XVL The Moon's iMtitude in Rdipses. 


Argument, MoonN equated Diilanre 
from tlw Node. 


0 Sign*. 

North Amnding. 

6 .Stgn^. 

South Awendim'. 

e 

0 • 

/ 

M 

• 

0 

0 

0 

0 

30 

1 

0 

5 

15 

29 

2 

0 

10 

SO 

28 

3 

0 

15 

4.3 

27 

4 

0 

30 

59 

»i 

5 

0 

26 

13 

2.3 

C 

0 

31 

26 

21 

7 

0 

36 

39 

2JJ 

8 

0 

41 

51 

22 

9 

0 

47 

22 

21 

10 

0 

52 

1.3 

20 

11 

0 

57 

23 

19 

12 

1 

2 

31 

18 

13 

1 

7 

38 

17 

14 

1 

12 

44 

16 

iS 

1 

17 

49 

15 

16 

1 

22 

52 

14 

17 

1 

27 

53 

13 

18 

1 

32 

52 

12 

19 

1 

87 

49 

11 

5 S^pia. 

North DeSetndiugt 

11 Bigoi. 

South Beoeeudiug. 


This table ^ews the Moon's trae latitude a little beyond the 
Utmost limits of edipses. 
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TABI.EB FOR f ALCiriATINO SCUFSE8, 


m 


Table Ji^VIL The Moon’* horizontal Parallai, with the Setnidm-> 
miters, and true 11orarif*Motions of the Sun and Moon, loeiery 
sirth Degree ofthetr mean Anomalies, the Quantities for thjc inters 
mediate Degrees Iwing ea\iftf proportioned 61 / Sight. 


\nuiiialy 
ot i$iiii‘uul 
^fo )n. 

Moon's 
horizontal 
V iralUv. 

Sun’h Hc- 

iiiididiiic* 
Ui. , 

Aloon's 

Scniidii- 

meter. 

Moon’s 

Jlorary 

Mutton. 

8un's 

Horary 

Monon. 

Anomaly’ 

ofSuna^ 

Moon. 


0 

t 


/ 

it 

9 

99 


n 

9 

99 

9 

*9 

0 

0 

TT 

29 

15 

50 

14 

ol 

30 

10 

2 

23 

12 

0 


(i 

54 

31 

15 

50 

11 

55 

30 

12 

2 

23 


24 


V2 

o4 

31 

15 

50 

14 

58 

30 

51 

2 

23 


18 


18 

54 

K) 

15 

51 

14 

57 

30 

19 

2 

23 


12 



54 

17 

15 

51 

14 

58 

30 

20 

2 

23 


6 

1 

0 

_ 

51 

8 

15 

52 



30 

34 

2 

24 

11 

0 


(> 

55 

8 

15 

53 

15 

1 

30 

41 

2 

21 


24 


Vi 

5j 

17 

15 

51 

15 

\ 

fJO 

55 

2 

21 


18 


18 

ne w 

.y<) 

2<) 

15 

55 

15 

8 

31 

9 

2 

24 


12 



55 

12 

15 

58 

15 

12 

31 

23 

2 

25 


8 

<■> 

0 

55 

58 1 15 

58 

15 

17 

31 

40 

2 

25 

10 

0 


fj 

58 

12 

15 

59 

15 

22 

31 

56 

2 

28 


24 


Vi 

58 

•i\) 

16 

1 

15 

2({ 

32 

Vi 

2 

27 


18 


18 

58 

48 

18 

2 

15 

30 

32 

39 

9 

27 


12 


21 

57 

8 

18 

4 

15 

36 

33 

11 

2 

28 


8 

3 

0 

57 

30 

16 

~ 

15 

41 

33 

23 

2 

28 

9 

0 


() 

57 

52 

16 

8 

15 

46 

33 

47 

2 

29 


24 


12 

58 

12 

16 

10 

15 

52 

34 

11 

2 

29 


18 


18 

58 

31 

16 

11 

15 

58 

34 

24 

2 

29 


12 


.24 

58 

49 

16 

13 

16 

3 

34 

58 

2 

30 


6 

]> 

0 

59 

6 

iS 

Ea 

16 

9 

35 

"22 

2 

30 

8 

0 


6 

59 

21 


Eh 

18 

U 

35 

45 




24 

t 

12 

59 

3.5 



16 

19 

36 

0 




18 


18 

59 

48 

16 

19 

16 

24 

36 

20 




12 


21 

m 

m 

0 

16 

20 

16 

28 

36 

40 

3 

32 

_ 

8 

5 

0 

60 

11 

16 

21 

E * 

gw 

37 


2 

32 

7 

0 


6 

80 

21 

16 

21 



.37 

10 

2 

33 


24 


12 

60 

30 

16 

22 

1 1 

mH 

37 

10 

2 

33 


18 


18 

80 

38 

16 

22 

16 

38 

37 

28 

2 

33 


12 


24 

60 

45 

16 

23 

16 

39 

37 

36 

2 

3.') 


6 

6 

m 

60 

‘45 

16 

^3 

16 

39 

W_ 


A. 

3o 

6 

0 




































S80 nxcsm ixi<ai;^?s to the TEEcxmvG tables, ch. xix. 


To ^deviate the true Time qfNt‘n' or Full Moon. 

Precept I. If the required time be witliin the limits of the 
18th centiuy, write out the menu time of new moon in Miireh, 
for the proposed year, from Table I, in the old style, or fnmi 
Table II, in the new; together with the mean anomalies of 
the Sun and Moon, and tlie SunV mean distanei* from tlu 
Moon's ascending male. If )oii want the time of full iiumui tii 
March, add the liatf lunation at the foot of Tulde III, Hitli ii*' 
ancMnalies, &c. to the foniier numbers, if the iu‘W moon t.ilh 
beimre the 15th of March; hut if it fulls afler, >«uhtriict the 
half lunation, with the anomalies, ice. In^lunging to it, from tlu* 
former numbers, and \irite doan the res|XTti>e sums orri-*, 
miunders. 

II. In these additions or suhtrai'tions, ohs.’rxe, that 60 se¬ 
conds joakc a niinuU', 60 minutes make a degree, 30 degreis 
make a sign, and IS signs make a circle. When }ou excetd 
IS signs in addition, reject IS, and set down the remainder.— 
When the number of signs to lx* subtracted is greater tlian tlu 
number you subtract from, add 12 Mgiis to the lesser luinilH-r, 
and then you null have a remainder to set down. In the tables, 
signs arc marked thus,^ degrees thus,-' minutes tlius,' and v- 
conds thus." 

III. W^hen the required new or full moon is in any giieii 
month after March, write out as many lunations, with their 
anomalies, and the Sun's distance from die node, from Table 
III, as the given month is after March; setting them in order 
below the numbers taken out for March. 

IV. Add all these togcdicr, and they will give the mean time 
of the required new or full moon, widi the mean aiioiiialie", 
and Sun's mean distance from the a-scending ncxle, which «rc 
the arguments for finding the proper equations. 

V. With the number of days added togetlier, enter Table 
IV under the ^ven month; and agiunst that number you have 
the day of mean new or full moon in the lefUhand column, 
which set before the hours, minutes, and seconds, already 
foilifid. 

But (as it will sometimes happen) if the siud number of days 
fiall short of any in the column under the given month, add one 
lunation and its anomalies, &c. (from Table III), to the fore* 
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said sums, and then you will have a new sum *of days wh^e- 
with to enter Talxle IV, under the |^ven montli, where you arc 
sure to find it the second time, if ^le first falls short 

VI. With the signs and degrees of the Sun’s anomaly, enter 
Table VI I, and therewith take out the annual or first equation 
for reducing the mean syzygy to the true; taking care to make 
proportions in the tabl^ for the odd minutes and seconds of 
anomaly, as the table gives the equation only to whole de¬ 
grees. • 

Observe, in tliis and every other case of finding equations, 
that If* the signs are at the head of llie table, their degrees are 
at the left hand, and are recktmed downwards; hut if the signs 
are at thi foot of the table, their degrees an* at the right hand, 
and are counted upwards; the equation being in the Ix)dy of 
the table, under or over the signs, in a collatenal line with the 
degrees. The titles .ddr/or Suhtruit at the head or foot of 
the tables where the signs an* found, shew whether the equa¬ 
tion is to he addl'd to the mean time of ikmv or full moon, or to 
Ik* subtiacted fnaii it. In this table, the equation is to lie sub- 
itmii’ih if the signs of the Sun's anomaly arc found at the head 
of the tabic; but it is to be added, if tlie signs are at the foot. 

VII. With the signs and dcgn*es of the Sun's mean anomaly, 
inter Table VIII, and take out the ec]uation of the Aloon’s 
mean anomaly; subtract this equation from her mean anomaly, 
if the signs of the Sun's anomaly be at the head of Uic table, but 
luld it if they are at the foot; tlie result will be the Moon's equa¬ 
ted anomaly, writh w’hich enter Table IX, and take out die se¬ 
cond equation for redudng tlie mean to the true time oS new or 
full ni(X)ii; adding this equadoii, if the signs of the Moon's ano¬ 
maly are at the head of the table, but subtracting it if diey ai-e 
at die fcx)t, and the result will give you the mean time of the 
required new or full moon twice equated, which will lie siifii- 
ciendy near for common purjioses. But when you want to 
calculate an ecli})su, the ftillowii^ equations must be used.— 
Tiuis, 

Vm. Subtract the Moon's equated anomaly from the Sun’s 
mean anomaly, and with the remainder iu signs and degrees 
enter Table X, and take out die thiid equatiiHi, applying it to 
the former equated time, as the titles, JM or Subtract, direct. 

IX. With die Sun’s mean distance from the ascending node, 
enter Table XI, and take out die equation answering to that 
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ai^^ument, oddmg it to^ pr mbtraetinff ii from, the former equa¬ 
ted time, as the titles direct, and the re<«ull will give the time 
of new or iiiU moon, agiceing with well regulated clocks or 
watches, very near the truth, But, to iiiaki it ajrree with the 
solar, or apfiarent time, apply the equdUon ui iiatunil (hi\ **, 
found in the tables (fnnn page 138 to page loC), .is it is Ichj). 
year, or the first, sicond, or third afW. 

The method of calculating the tune of an^ new or full iiknui 
without tile limits of the l.Sth centiir\, will lie shewn fuithei 
on; and a few examples compared with the priHcpt-., will inaivi 
the whole work plain. * 

N. B The tables lK*gin the day.it noon, and hvkon (oi wards 
from thence to the noon following Thus, Manh the illst, at 
22*^30“ 25* of tabular time, is April 1st (in connnoii utkoii- 
ing) at 30" 25* after 10 o'clock iii the inoinnig 


E\. h^Rcquind the Itw tmeof Noe Moun in Apnl JTfil, 

Ntm SUfU ^ 


Bjr ilw Pfecept^ 


Much 17S4, 

Add 1 htinauoD, 

Metn New Moon, 
Titat Equation, 

Tnae once equated, 
Second Eqoatioa, 

Time twice equated, 
Third Equauon, 

Time thnoe equated. 
Fourth Equatuto, 

True New Moon, 
Equation of dajp, 

Apparent tune, 


New Mon. |Su \\ Anon |Mi unti'^nom.|sunfiuiniiiidi 


|U II M s s 


,2 Q M t; J id 0|i0 13 35 it ] 1 4 ’*4 in 
M 12 14 .3! 0 29 6 I'll 0 25 4'f (ij 1 0 4(1 It, 


l31 22 39 3U. 3 1 2b l<l|ll 
+ 4 10 4(K11 10 50 1K;+ 


J-_ 

132 1 50 19 9 20 2? 


9 24 21 
1 34 57 


0 5 35 2 


iSunftmniindci 


1 


U .3 24 49!Aik S^cquat 


11 10 50 IS and Arg 4' 
Afg 2^eqnat I eqoauon. 


|31 22 25 30| 
+ 4 .371 

iSI 22 30 7| 
+ 181 

ji 22 30 m 

— 3 48 


So the true tune » 22 h. 30 nun. 25 
Ml after the nnon of the 3ti>t March; 
tbit IS, Apnl lit, at 30 min. 2.3 aec. 
after 10 in the morning. But the appa- 
Tint time is 26 nun. 37 wc after 10 m 
4 m morning. 


31 22 26 37 
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£x. ll.-^]icquiml the true time of Full Moon m May 1762, 

New Style ? 


Bj the Pieocptfc. 


M mh 17fl9, 

Adtl 1 1 uifition<>, 

New Moon. May^ 
Subt t i unatiun, 

I ull Aloon, Afn), 

I nation, 

Timi onirequited, 
SiLonil I'quation, 

Turn tmiLT equated, 
Third Lquatiun, 

Time Uiricc eqiutid, 
I'mirth Kqutttion, 

True I 111! Sfoon, 


Xew Muon 

SunN Anoni 

Moon lAooni 

1 

Sunfioninndr 

D 11. n 1 

B. • ' ' 

B. “ ' ^ 

s. “ ' " 

J4 l.> 1» ‘24 
.VI 1 28 €, 

8 2*1 48 lb 
1 28 12 39 

'1 ‘i.H 59 It 
1 21 38 1 

10 18 49 14 
2 1 20 28 

22 lb 48 :H) 
14 18 32 2 

10 22 0 ii 

0 14 33 10 

8 15 37 12 
b 12 .54 30 

0 20 9 42 
0 15 20 7 

7 ‘2¥ 24 28 
4- .A lb 3b 

10 7 27 45 
9 3 57 18 

9 2 42 43 
4- 1 14 3b 

9 4 49 35 

Sun from node 
and Aig. 4*'' 
equation. 

8 1 11 4 
— 9 47 

1 .3 *10 27 
Arg 3'(quat 

9 .‘t 57 18 
Atg 2^C(]uat. 

7 V* Alt 11 
— 2 .16 

An«. Afav 7di at 1.5 h. .50 mm. .50 
lor paiit noon, %i/ 8th, at J h. 59 

nim. 59 Its . in tlit morning 

7 r> uo :i* 
4- 15 

7 15 .50 .50 


To calculate the time Keto and Full Moon in a fihten year 
and mmitli any particular century betutni the Chihtian 
era and the century, 

Prece^ I. Find a year of the same number in the 18th cen¬ 
tury with that of the year m the century proposed, and take 
out tlie mean time of new moon in March, old style, for that 
} ear, with the mean anomalies, and Sun's mean distance from 
tlie node at that time, as already taught. 

II. Take as many complete centunos of years from Table 
VI, as when subtracted from the abineusaid ^eorin the 18th 
century, mil answer to the gi\en year; and take out the first 
mean new moon and its anomalies, &c. belonging to the said 
centuries, and set them below those taken out for ]\[arch m the 
18th century. 

III. Subtract tlie numbers belonging to these centuries, from 
those of the 18th century, and the remainders will be die mean 
time and woinalies,' &c. of new moon in hlarch, m he gn eii 
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year of the cei&ury proposed.—‘Theiiy work in all respects for 
the true time of new or full union, as sliewn in the abuse jin'- 
oepts and esum'ples. 

IV. If the days annexed to tlicse centuries exo'ed the num¬ 
ber of days from the beginning of Mtux’h token out m the IHtii 
century, add a lunatioo and its oinmiatus &e. from Table III, 
to the time and anomalies of new iiMon in Itinrcli, and then 
proceed in all napccts as abuse —This eireunistauee lupiams hi 
Examine V. 


Ex. III .—Required the true timr of Full yfuoH I/I A put. Old Sh/ft 

A. n. Hi) ? 

From 1730 lubtnct 1700 (or 17 oontuner) and tiwrc rrmainit 30. 


isy inv irreccpiSa 


March 1730, 

Add 4 Luiudlon, 

Full Moon, 

1700 fcan ubtnct. 


Add 1 lnunation. 

Full Mood, April, 
FTiot Equa rin P, 

a 

Time once eqiuted, 
Second Equation, 

Time twice equated, 
Thrd Equatimr, 

Tune Uiriee equated, 

Founb Equatum, 

Tr. Fidl Hnoa, Apr. 


New Moon 

Svin**Anu]u. 

MuuniAnmn 

SunlrtHii nuk 

IX H. X. 0 

8. ^ ' 

s. “ ' ' 

ij " ' ' 

7 13 34 10 
14 10 22 2 

8 18 4 31 
0 14 :U 1(1 

U U 32 17 
8 12 :>4 .30 

1 23 17 18 
8 15 38 7 

23 0 56 18 
14 17 36 42 

9 2 .37 41 
11 28 48 0 

3 13 *28 47 
10 *29 3(i 8 

3 8 .37 23 

4 ‘29 23 8 

, 7 IS 19 36 
39 42 44 3 

9 3 51 41 
0 29 C 10 

4 13 Ml 47 
0 25 49 8 

9 9 14 * 2:1 

1 0 40 14 

6 S 3 39 
4- 3 28 4 

10 2 58 (I 
5 10 58 441 

5 9 39 47 
4- 1 18 .S3 

iO 9 54 .37 

Sun from node 
and Arp. 4"' 
equation. 

6 5 31 43 
+ 2 57 48 

4 21 59 28 
A{X*3*iquaL 

5 10 08 40 
Arp. S'* equat. 

6 8 2» .31 
2 54 

IlenoB it appeam that the true linii of 
fuU Moon in Apnl, a. 1 ^ 30, Old Style, 
war on the 8th ^y, at 26 m. 4 tac. paat 
8 u the evcnlhg. 

4 

6 8 26 37 

~ 1 33 

r. 6 8 25 4 


7b cakulaie ihe true time of New or FnU Moon, in any given 
year and before tJie Chrhiian era. 

Precept I. Find a year in the 18th centuiy, which, Ixjing 
added to the given number of years before Christ, diminished 
by one, s{iall make a number 6f complete centuries. 
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II. Find this number of centuries in Table VI, and subtract 
the time and anomalies belonging to it, from those of tlm mean 
new moon in March, the above-found year of the 18th century, 
and the mnaindcr will denote the time and anomalies, Sec. of 
mean new muon in Miucli, die given year b^ore Christa 
Then, for the true time thereof, in any month of that year, 
proceed as above taught^ 


E\. IV.^Required the true time of New Mam in Maif, Oid S^yle, 
the year brfore Chmt 585 ? 

Thj jean S84, added to IJIO, make 2300, or 83 oeBtnriee. 


Ilj the PreerpU. 


Marrii 1710. 

23(N) years mibtraet, 


Add 3 liunahons, 

May before Chr. 58ji 
I'lrat jLquatiOD, 

Time once equated, 
Second Kquabon, 

Time twice equated. 
Thud Equation, 

Tunc thnee equated, 
Fourtli Equation, 

Thie New Moon, 


New Moon. 

Snn’s Anom. 

MoontAnom. 

Sun from node 

n. U. M. 8. 

s O # If 

8. • ' " 

g. o , „ 

11 17 33 29 
11 5 57 63 

8 22 50 39 
11 19 47 0 

4 4 14 2 
i 5 59 0 

4 27 17 6 
7 25 27 0 

, 0 11 35 3C 
K8 14 12 9 

9 3 3 39 
2 27 18 58 

2 28 16 2 
2 17 27 1 

9 1 50 5 
3 2 0 42 

,28 1 47 45 
— 1 37 

0 0 22 37 
6 15 41 17 

6 16 42 3 
— 48 

0 3 60 47 

RiinfWimnndfl 

28 1 46 8 
•h 8 IS 1 

6 14 41 20 
Arg.9‘equaL 

6 15 41 17 
Aig.2^equat. 

and Aig. 4*** 
oquatkm. 

28 4 I 9 
+ 1 9 

• 

8o the tme time was May 28, atS 
minutei SO uconds past 4 in the aftev* 
noon. 

« 

28 4 2 18 
+ 18 

28 4 2 SO 


Thc.<K: tallies are calculated for the meridian of London, but 
they will serve for any other place, by subtracting four minutes 
from the tabular time, for every degree that the moidian of the 
gi\en place is westward of London, or od^ng four minutes for 
every degree that the meridian of the given place is eastward: 
Thus— 



986 




CH. XtX. 


Et. Vi^lieqmrtd the true hwc of Full Moua at Ahjcandna in £gjfpt, 
M Septemher, Old Stifle, the ptar before Chmt 201 ? 


The yeen 2U0 added to 1800, uukc 2000, or 20 tentuncs. 




By the PrecepU. 


March 1800. 

Add 1 Lunation, 

From the Sum, 
Subtract 2000 yeaie. 


New Hilton. jSun’s Anoni. 

Moon ^ Aiurni. 

Sun ftom nude 

i». 11. 9 f. s.| a. “ ' ' 

a. •' ' ' 

N. “ ' " 


IS 0 22 17 8 2:1 10 -ullO 7 o2 SOU S M\ 24 
20 12 44 SO 20 G li^ 0 20 40 0| 1 0 10 14 


12 IS 0 20 II 22 20 l) 11 S 41 S0| 0 4 S8 :(8 

i« 0 13 ^ 0 n :»o 0| « 1:. 42 o^ 0 27 45 0 


X.M. beforenir 2fU, 

. f 0 LunauoDk, 

I half J^unatiun, 


14 18 57 1| 

177 4 181 

14 18 22 8, 


!i IS SO 1410 17 'Vj :io o 0 bS Sf« 

24 S7 00 A I At S 0 4 I 2t' 

0 14 :t:i 10 0 12 A4 W) 0 IA 20 7 


I'uU^Ieon, Sept. 
Fukt lunation. 


22 17 43 21 S 22 47 2010 A 48 ill 1 20 lA 0 
— S .'>2 010 i 10 &A~ 1 2.1 11| 

■ 1 . 1 , 11 . ...I — I — — Sun Arom node 


Time once equated, 
Second ISquaDOn, 


22 13 fil lAi .1 18 27 2A lU 4 10 AA. and Arg. 4“' 
^ 8 2A 4jArg 3'‘cqu4t. Aig.2^«(]uat. equation. 


Thne twice equated. 

22 

b 

20 

11 

Thud Lqoation, 




.38 

Time thiice equated. 

22 

3 

23 

13 

I'tiortb Equation, 



— 

12 

True time at T.ondon, 

22 

3 

2ri 

I 

JmU tor Alexandria, 


2 

1 

27 

Tcue lime there, 

22 

T 

20 

28 


Thus It appears that the true uiue of 
lidi Moon at Alexandria, in Siptciiiber, 
Old Style, the year befun Chribt 201, 
was the 22d da), at 20 inuiutts 28 m> 
(Ainds afU.r 7 in tlu: etcoing. 
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( Hi XIX. EXLATIVE TO THE PeI£CX1»I»G TAXI.ES. 

4 

« 

E\. VI. —Rrquirrd the true lime qf Full Moon at Babylon in October, 
Old Style, in the 4008/A year htfore the Jirst year of Ckri^, or 
4007 yiat i before the year of Im biilh ? 


Tbe yean 1007i added to 1793, make 5800, or 58 centuiiei. 


Jiy the Precepti. 

Niw A|oon. 

Sun’a Aiiom. 

< 

1 

Sun fram node 


n. i{. M. a. 

s. " ' « 

a. • ' " 

a. • ' " 

\fArrh 1793 , 

•Subtract ui'HiO ynn, 

:ui >1 l» 55 
15 IS 38 7 

8 18 16 11 
10 21 35 0 

8 7 37 58 
8 24 43 0 

7 6 18 26 
0 13 4 0 

N..M.bef.ChT.4007. 
... i 7 l.unsttuns, 

\ half I.unat»n, 

14 20 35 48 
smh; 17 8 21 
14 f 8 22 2 

10 18 41 11 
6 23 44 15 
0 14 :t3 10 

1 12 54 58 
6 p 43 3 
8 12 54 30 

fl 23 17 26 
7 4 41 38 
0 15 20 7 

rut] Afoon, October, 

1 IIht l.«putian, 

-22 8 6 11 
— 13 28 

5 26 58 30 

1 26 27 28 

1 28 32 31 
— 5 5 

5 13 18 11 

Sun fWmi node 
and Atg. 4** 
equation. 

Time onre equated, 
Second 1 ApiHtion, 

22 7 52 45 
+ 8 20 21 

4 0 31 10 
Ai]g.34cqtiat. 

1 28 27 26 

ATg.2^equat 

Time taicc equated, 

'1 liird Kquatiun, 

22 16 22 8 
. 4 10 

So diat, on the meridian of I.ondon, 

Tunc Uine« equated, 

1 uiiith Uqtutiou, 

22 18 17 511 
— 51 

the true time naa October 23, at 17 min. 
5 Bee. past 4 in the morning; but at 
bylon, the true time was October 23, at 

I'ull Momi at Iiondon, 
Add for Babylon, 

.22 18 17 5 
2 25 41 

42 mm. 46 see. past 6 m the momiitg; 
—Tbit M Bu ppOBM by aouie to have been 
tlie year of the creation. 

'J'ru' time tlterc, 

22 18 42 40 
r 





* 

To cab itlaic the true time cffNcw or Full Moon in any given 
year and month after the 18/4 century. 

Precept I. Find a year of the same number in the 18th cen¬ 
tury with that of the year projxiscd, and take out the mean time 
and anomalies, &r. of new moon in March, old style, for that 
year, in Table I. 

II. Take so many years from Table VI, as, when added to 
the aliove-mcntioned year in tlie 18th century, wnll answer to 
the given year in w'hieh the now or full moon b required: and 
take out the first new moon, witli its anomalies, fw these com- 
])letc centuries. 

III. Add all these together, and then work in all respects as 
alxjvo shewn, only remember to subtract a lunation and its ano¬ 
malies, when the alxivc-said addition carries the new moon be¬ 
yond the 31st of March, as in the following Exampli^ 



nivocrrs ahd sxasiples 


CH. ZXX. 


Ex. vn, 


Itfquired tke true time of New Moon in Jnfy, Old btyle, 
A. D. 2180 ? 


Four eeaturiei, «i 400 jeui, added to a. b. 1780, nuke S180. 


Bj.die Pncepta. 


IMiuiA 1780, 
AdddOOyewa, 

From the eom, 
Subtrael 1 liuaabm, 

Kev ]> Mai^ 8180, 
Add 4 Lwnalmai, 

Nev l» FulyOISQi, 
FiiatEquaiinn, 

Time onee equated, 
fiecund FqiiAon, 

TiaiiBtneO equated, 
Tbsrd Equation, 

T^nm tfmee equaled, 
Fourth Equation, 

TnaettaM, July, 


New Moon. 

Sun’s Anom. 

MoonsAnom. 

Son fVom node 

B. H. M. a 

a. • ' " 

a. • " " 

at “ ' ' 

83 IS 1 44 
17 8 43 SS 

8 4 18 13 
0 13 24 0 

1 21 7 47 
10 1 28 0 

10 18 21 1 
6 17 40 0 

41 7 4S 13 
2S 18 44 3 

8 17 42 13 
0 88 6 id 

11 28 35 47 
0 25 48 0 

8 10 1 
0 40 14 

11 18 1 10 
118 a Ail 18 

8 18 35 54 
3 28 96 17 

18 28 46 47 
3 IS 16 a 

4 5 20 47 
4 2 48 5I> 

7 81 57 88 
^ 1 330 

0 15 1 11 
3 8 38 37 

8 10 8 40 
84 12 

8 8 10 43 

7 SO 53 43 
-1- 0 84 8 

10 6 22 34 
Aig.3*eqiiat. 

8 8 38 37 
Aig.a^equat. 

and Aiy- 4*» 
equatioa. 

8 6 17 51 
+ 9 bC 

Tiua thna, JnW 8, at 22 nun. 55 sec. 
past 6 in Uw uKuinf. 

8 « 81 47 
+ ‘ * 

8 8 38 65 


III Lcqmg the old style, we are always sure to be right, 
by adding ex subtracting whole hundredb oi years to or from 
any pven year in the ISth century. But in the new style wc 
may be very apt to make mistakes, onacopint of the leap-year's 
not ctuning in regularly e\ciy fourth year: and therefore, when 
we go without the limits of the 18th century, it will be lietter 
to kc^ by the old style, and, at the end of the calculation, re¬ 
duce the time to the new. Thus, in the 22d centuiy, there 
will be 14 da}fi| difterenoe between the styles; and therefore, the 
true time of new moon in this last example bang reduced to 
the new style, will be thc2Sd of July, at ^ minutes seconds 
pobt 6 in the evening. 



4’«. *1*. 


BSfiAnTfw ivTiHii* wnron^mip tjuiwmi. 

7*0 calcutaie ffie true plarf ^fke Svhfi/r^ mff filUHto MMwnl 

/akfr. ' ' " 

Treoept 1. In Table XII^ fitiA the MXt lefliti^ pm h mm 
lM<r u% that ih which the Sun'a place k won^t, mA wiite aiit 
hia mean Uaigitude and anomaly anaiterii^ ibereto: tn idudt 
add his mean motion and anomaly ibr the eoatj^m tendm of 
years, moriths, davsy hours, minutes, and seoands, down to the 
given time* a^ this will be the Stufa mmfl place ipid anomaly 
at that time, in the dd style, pronded die said dme be in eny 
year after tlw Chrfftiaii era. Sgetke 

II. Enter Tabfe Xltl, with the Stnfs mean ancmal^, and 
making propordons fiMr<di«odd numitea and aepimda diereof, 
take out the equation of dia Sun's centre: winch, boii^ Iqfiplied 
to his mean pl^ aa the tide JdA or SuUraci dSneta, wffl ^ve 
his true place or longitade ftom the venial etfUinoic, at the tuner 
for winch it wih required. 

III. To calculate the Snn'a place ftw any tame in a ^veo 
year before the Chiiatian era, uhe out ins mean k^ptude and 
anomaly for the Hrst year thereof, and fremtheae n umb er s sidi- 
tract the mean motfena and anomalies for the oonqilmbliuiidrada 
or thousands neatabore the given year | and, to & lenuandem, 
add those for the reddue of years, montha, kc. mid#an wntfe 
in all respects oa above. S» ike moil4 JBiimri^deJtBemk^* 

Ex. l^Jkgiure^ iMriroeglm^ UoreA S(h OW %b^ I7d4w 
at 28 Aoinv 9Q mn^r m eoadt pait aoea mapasi tyohaw 
inpsMarekti^olt io hoaff 90 wHmist awaadr m ^jb^/ a i e masn. 


s 

a 

To Uie nflal yesr rilsr (Cfcrftt 1701 - 

AM aasiilete jnsn , . ^ 

Jlild 

9MMMa«i SsfS • • M 

Hoani - .r as 

iCtaaiw ‘ • - M 

2oeond< • ^ 28 

fun's BMia pfMi at tho alwB (taw 

EqusHso srdw Sua's aM • • 

gsera 

MUHkBHlHHb' 

BDBB 


a*»a3fo 
e fills 
II if 17 IL 
t|» aiH 

aO 41 68 
64 » 

1 14 

1 

f If 1 a 

«1 ii ff 4 
II if 14 4 

1 84 f 4 
if 41 68 

*J13 

_J 

f 10 14 M 

1 66 M 

lODGE 

CBiESi 

nnn'straephetlt dWMiaatiiiw <• « 

i,gii(¥TWanrFir 


vox.. >. ir 



cn. XIX. 


, - * 

Ex. 9ik** tmtfheei OMfr (Hi <rf l(i 

koun 57 i»kkAl$ jfMuf xodli, m <A« MOW A .year the year of 

Ckristlt l i m i mn thWQ7fk^ff$fiB the year kmhirt/h and 

<Af jmn* lAt|j«rM 700 f 


« die Bnaipte* 

<*1 

• 

SoaliLoiiglt 

Sua’a Amiiii. 


a 

s 

«a 

• * H 

• t , • 

Fsaa the ridSed nnmbeie after Cbriet 

I 

a 

7 ss id 

8 86 48 M 

SfaMnet diON Ibr SOOO eoapfaie yean 

01 

1 

7 46 40 

10 18 SO 0 

Rcmauia fto a asw sadix 


a' 

0 030 

6 U 9.1 0 


' 

(900 

0 

6M 0 

11 81 87 0 


tmjfUte Team « 

- i so 

0 

0 36 16 

11 90 16 II 

Toedtkiiadd, 


t la 

6 

0 0 SO 

11 90 63 0 

to hringf it to 


Odoba 

8 so 4 M 

8 90 4 0 

the shea tfaie, 

♦ 

Days S3 


98 40 IS 

99 40 12 



Hoars Ifl 


90 90 

80 SO 


> 

MuiiiiaiS7 


9 30 

9 ^ 

Snail mean plaee St die ^veatiate 

m m 

T 

0 3 4 

6 96 33 &f' 

Equadoa of the Saali Oantlr Mbieaet 

m 


8 4 

Sanla Anwi. | 

8na*b use pine at die laaio tliiis 


T 

6 OtOora&d 0 o| 


$o that in the metidian of Londom the Sun m then 
entail^ %ie rign ^ libtn, and, oonM(|Uetttljr,'vnB upon the 
pcniit cf the autumnal equinox. « 

If to the above nine hS the autiimnai equinox at lamdon, wo 
add S hour s t5 minutes 41 seconds Ibr tba JhnpUide of JBaby< 
km, vre MU have lor the time of the lanui eii|uinox at that 
Tp^/Kf^ Octtibtf S9d, at 19 hours 99 mbutinc 41 secondiv uhidu 
in #ie odmman wttf of reckomng* is Qetoher 94th^ at 22 uii> 
nutta ^'deedndapam 7 in the moprmngJ 

* Tb» wiMtm Wqr am esteiUtign xaiScm th» taanaat <qahw»> isilnjmroftbt 
JmUis pcfii47ae,ish«tw»nif»iMB«iiiMdh mm d Oe mow ctiiasm oiai* 
Hmdla § OuaiSflist fsga^ eslxm* maa Om Is nlMs Into ilit se. 

esnntv M If nossw m Sfostka dOM Snail smiIm. 

Ths sqaatlM at 4ie satiimiisl sqtnaoR Ump^ Jjdan t ams J saaoBraaJsqaaiter, 
vhea rdtasad to ttee. But,fa dwfesrofCa^ ty8(l,«kiditrMS7a3|««tsaA«r, 
Ow MfiuikB al tfas antanool eqaioos ■mottined to I daf tS hoaa 94 aoinulei, by 
trbidi qnanti^, the tnie date feU later than Iha maoB. So diet, if ere conilder the 
trootime oftfaia laa^noBtlsBed aquhin, oidy aa ohwm dms* Ae aoeax bm&m of the 
SttD can^d thaore hadi to the aattunaal eqiunax is thi year ot the JdHaa period 
706, i»iU dx kjto d» asm d Octolm fa thqjt ytss. 




rH.«IX. COUCKRimit yotlMUM A|lfi liOOir. 

And it appean by Exsmpb Vl» dbat w tW mne yme, (be 
true time of full moon at IMbylon vraiOctobei' fSd, at 4^ mU 
mites 46 seconds aftor6iQ tbe momii^S ao that6)o futummd 
equinox was on the day next eikt tha* day of fiiU moon. Tho 
donuoicol letter for tM y9» was 0^ and oposeqaantly thoMdi 
of«October was on a Wedneadi^^ n 
’ v • 

Tojbtd ike Sun^s StUmee^/hnt ^he MoorCe aeeeseikig Node^ d 
ike given New or Ftdl Mam} tmd, ameequmUyy 

to hum whi^ ^tere ii an EcUfte ed that timeornot.' 

The Sun's distance from the Moon's ascendii^ node, is the 
argument for finding the Moon's fourth equation b the syi^. 
gies, and therefore it is taken bto all the fiwegoing examplm m 
fiiKang the times thereof. Thus, at the dme of mean new 
moon in April 1764, the Sun's mean distance from the ascend^ 
mg node, is 0* 6^ SSf ft. Sec ExamfXe /, p, fiSfi. 

The descending node is opporite to the ascepAng one, and 
they are ^st six signs distant from each other^i 
When the Sun is within 17 degrees of either «f the nodes at 
tlie time of new moon, he will be edipied at tliafc time: and 
when he is witlim IS degrees of either of the nodai at the (ime 
of full moon, the Moon wifi he then edipied. Thus we find 
that, there will be an eclipse of the Sun at the tone of new 
moon in April 1764. 

But the true time of that new moop comes out 1^ the equa« 
tions to be 50 mbutes 46 seoonds later than the mean time 
tliereof, by comparing these times.b the above exampb; and^ 
thereiotn, we murt ^ Sun^s motbn from the im^ during 
that btenral, to the above tpean distance 0 B0 ft, whidf 
motion is found in Table XII for 50 mbntei 46 seetmds^ to be 
Sf IT, And to this we must apply the equation of the Sun's 
mean distance from the node b Table XVy found by the Sun's 
anomriy, which, at the mean time of new monn m Example I, 
is 9* r 19^; and then we shall have the Sun^s true distiaco 
from the oode^ at the true rime of new moon, as follows ^ 



KCIitVhKb. 

At Ae nwn lioM 9ttmr mlton hi Aiiril 1^4 

{ «sx * . 

Aub^ tttont dfatmee ftnta nfiAc at trao im« moan 
Equate of meaD diataiKO fmui oMb, wM 

I ** 

800*4 ttae Aiatan« tram the aacending node 


('ll. fix< 

SHH^ftam Kfide 

* • t • 

0 » 30 i 
• 2 Ki 

• 'i 


0 A 87 14 
3 A 11 
•■■ ■ ■ " ' 
0 7 42 It 


Which being far within tlie ftliovv limit of 17 d<^i|;rccn, siiews 
that tiu* Snn muht then lie i>cIipsccL 
And now wo shall shew how to project this, or any othoi 
eclipse, mthcT of the Sim or Moon. 


e 

To project an Eclipse of the Sun, 


On the ptu. order to do tliis, we must find the ten follitw- 
jactian of an. ing ehoneiits, by oieaiiti of tlie tallies. 
farcdipKi. ^The tnw} time of conjunetion d’ the Sun and 
Moon; and at that time, 2. The H>ini(hanicter of die iCnrth'- 
disc, ail seen ihan the Moon, which is equal to the Mexmu lio. 
rizontal parallax, r S. «Tlie Sim% distaiice from the solstitial co- 
lure to which* he is then nearest. 4). The Sun's decUnatiuii. 
5. The angle of die Moon's visilde padi with the ediptic. (> 
The Moon’s latitude. 7 The Mooki's true liorary motion ipini 
the Sun. 8. The Sun's sdniidiameter. 9. Tlie Moon's. 10. 
The aemidhttneter of die penumbra. 

We shaU npw proceed to find them elepKnits Ibr die Suit's 
eciipK in April 1764'. * 

To f.nd. the true leme ^new by Bsample' I, p. 

282, is found to be cm the first day of die aaid mernth, at 30 


minutes 28 seconds aifier 10 in the foaming. 

2. 7bje^th€ Moem's horhwntal parallifa\or tmidiamier(^ 

the EeaiKe elites as seen from the ifnon.—>£ntcr Table XVIl, 
wkh the signs pad degrees of the Moon's anomaly (making 
proporUons, beeause the anomaly is in the table, only to every 
6th degree), Vnd therein take out the Moon's horisootai p»> 
railax; which, for die ^ve time, answering to the anomaly 
IVr 24r2r,is54'$S". ^ 

3. To fnd the SwCe distance fxm the nearest acdetice, viz. 

the banning qf^Cancer^ which is 3* pr i^frvm the beghming 
of It appears by the exmnple on page 289, (where the 



( If. MT FttU]EKfi¥ 0 B SO&B S 95 

SunV place ts calculated to the a{M>ve time of new moon) that 
the Sun’s longitude from the t)egbmng of Aries, is then 0* 12" 
Kf 12", that is, the Sun’s place at th^ time is Aries, 12* 
Kf 12". * ♦ 

1 ‘licrcriirt, from • 3000 

bubtmit tbe RunN longitiide or pbue . ^ . 0 12 10 12 

Jlcmaint Otc«San*b dutanoe ftom tfae tolytioe qb » . 2 17 40 48 

Or 77 ** SSK 48 ^; «dt Rign oonteiiuag 30 degnes. 

4. To^find the Sttn'i d<c^^»a#lo/lwl-^£nter Table ^IV, witli 

the signs and degrees of the Sun’^ true place, \ia. 0* 12", and 
making proportions for the*10' 1^', take out the Sun’s dedina- 
turn answering to bis true place, and it will be found to be 
!•" 4iy north, , 

5. To find fhr JIfooa’e This depends on her dis¬ 

tance fioin her astvnding lunle, which is the same as the Sun’s 
distance irotn it at the time of new moon ; andt is thereby found 
111 Table XVI. * 

Hut we have already found, tliat the Suit’s equated distance 
from die ascending node, at the tiiitc of new moon in April 
1764,U0*r 42* 14". Seep. 292 

Therefore, enter Talde XlV, with 0 angns at the top, and 7 
find 8 degrees at the left liand, and take out QBt and S9", the 
latitude for 7^; and 4V 51",’ the latitude for 8°; and by 
making proporiioUs between these latitudes for the 42* 14', fay 
which the Moon’s diiftaiiee irotti the node evoeeds 7 degrees; 
her true latitude wilt bo fotmd to bt' 49' 18" north ascending. 

6. *^7b Jtnd the Moon's trm hatury motkn J¥om the jS’im.-*- 
With the MoonVi anomaly, viz. 11* 0*’ 24 21", enter Table 
XVII, and take out the Mooh’s horary motion; which, by 
making proportions in that table, wUl be found to be SO* 22^. 
Then, with the Sun’s anomaly, 9^ 1" 28' 19% take out his ho^ 
mry motion 2' 28" foom the same tabic; and subtracting the 
latter from the former, tKere will i^emain 2T S4i' for tlie Moan’s 
true horary motion foom the Sun. ' 

7. Tojind the of^ Moon's visilie path ssith the eclip-- 
tic.-—This in the {irojection of eclipses, may be always rated at 
8" 85', without any senulile error. 

8. 9. To ^find the setmdiameters gf* Svn mid Afoow.— 
These arc found in the some tabic, and by the same aigiunciitf. 



TAX Wf XCLIMXS. CO. Xt%. 

XI Uieir horaiy motiim Ijl <lie j^lcwiit case» the {^unV anomaly 
pvey his wmidiaoi^ir llT &, am the Moon^i aimmaly pym 
her senudiameter 

10. ^Ike peimmbra^-^MA the 

Moon'W semUlwincier to the Sim's, and their sum will be the 
scmidiametcr of the pentnnbra, \it, 81' S^. * 

Now, Qolluet these demits, that thi^ may be found the more 
readily when they are wanted in the constructiuii of this ecliphe. 


1. Tnw tiiM «f new moofi li Ap9 ITU, 

1. HwwHfcwmwoflbc E«rth*s diie, « •> 

S> Stta^i ftotti tlw neaiwt soWee^ 

4. Sen's dcdbiatioii, BDfth, « 

5. Haon's btitwie, nofSi BMcodbig, - 

0. Bloon't hiinrj mstipa fknu llu Sub, 

7. Asj^ oftha MaaaVi vhibk path viili the aclipik, 

8. Snoli HROiIiainctar, » 

9. Moqn'a aend i i an iater, * > 

' 19. Sfinidiaatater cf the pcauwAnh 


Ih s. X. «. 
i IS 3V 2A 


* / /» 

0 M S3 
77 4il 4R 
4 40 0 
0 40 10 
0 97 St 
3 3S 0 
10 « 
H S7 
SI a 


To prq^et an Ediptf ^the Sm geometricaUp. 

On (ha pm- Make a Male of any fx>nvement lengOl, as J C\ 
and*divide it into as many equal parts as the Kanh% 
Plata Xlf. semi-disc oontams minutes of a decree; whirh, at 
the time of the edUpse in Apnl 1784, U6VS&\ 
Then, with the whole length of the aoa^ aa a radius, desrrilk; 
the semidfele JMB upon the oentie whidt semidrele^sliull 
represent the noithem half of the Eatwd enlightened disc, ns 
eeen 8tom the Sun. 

Upon the centre C raise tiie straight line CAT, perpendicular 
la the dhaneter JCB; and JCB shall be a part of the ecliptic, 
end CJff ita mas. 

Bmg imnrided mth ngood sector^* open it to the ladius 
CM in An fine of chorda; and, takiil|[ from thence the diord 
of 88jf degriea tn your compasfes, set it off both ways from If, 
togf and to liy in &e peripheiy of the fiemi«dtac; and draw the 
‘ Oraight lineg'KA, in which the north pi>le*of the diac will be 
always found. 

* AaietlMdorpn4aciiqgUi«BKpw(rf4lMil«B,«ithtlM«M«nlj«4’a rubrMul 
piir of ctappsHWi eiU be ibutid in JfeigiuHin'i Ledjr'i sad UcatloaAui'i Asirownny, 



CO. xix. Tits HQS 

When the Sim ie in ^riei^ dmini. Cancer, Leo, 

and yirgv^ the north pole af^ tfte" i| enll^tened by die 
Sun: but whilst the Sun is in fte dthdr nx i%ns, the south 
pule iwen£gbtened, and the north pole b in the dark. 

And wh^ the Sun is in Caprio(>r% Jguarhut, JHeeee, Jriee, 
Taurus, and Gemini, the ncawm hi^ of the Earth's aus C 
XU ^ lies to the n|^t hand of the aids of the cdiptic, as seen 
from the Sun; and to die left hand, whilst the Sun is in the 
other nx pgoa. 

Op«i the sector till the radius (or distance of the two 90*s) 
of the sines he equal to the length of FA, and take the sine of 
the Sun's dirtanoe from the scdstice TT 4^ 48" as nearly as you 
con guess, in your compasses, from the line of dnes, and set off 
that distance frenn F to P in the line ^ FA, because the Earth^a 
axis lies to the right hand of the axis of the ecliptic in this La;»e, 
the Sun bnng in Aries; and draw the straight line C XU P 
for die Eurth'b axis of which P la the north pole. If die Earth's 
axis hod lain to the left hand fhnn the axis of the ecliptic, the 
distance FP would ha\e been set off from F towards g*. 

To draw the parallel of latitude of any ^Tcn place, sup- 
}M)se London, or the path of that place on the Earth's enbght- 
cued disc as seen from the Sun, from siuvrisc till sunuect,°*take 
(he foUoning mcdiod. ^ 

Subtract the latitude of London, 51ftom 90°, and the re¬ 
mainder 38|° will be the co-latitude^ which take iii your conu 
piLises fWim the line of dmrds, mak'ing CJ or CB the radius, 
and set it from A, where the Earth's axis meets the periphery 
of die disc, to VI and VI, land draw the occult, or doiied line 
V1 ATVI. Then, from the points where this line meets the 
Earth's ^sc, set off the ohOfd of the SunXdeehnatkm 4^ 4ff to 
I? and P, and to JS and G, and connect dum; points by die two 
occult lines F XU G, and DX E. 

Bisect LF XU in JT, and through point F draw the 
dlacA line VI F VI. Tphen making CB the radius of a line of 
since on the sector, take dm co-latiltide of London d8A°*fTum 
the rines in your oonlpasses, and set it both ways fVom F, to 
VI and VI. These hours ^1 he just in the edge of the disc 
at the equinoxes, but at no othw titaae in the whole year. 

Widi the extent F VI taken into ydbr compasses, set one 
foot in F (in the black line below the eccull one) as a centre, 
and widi the other foot describe the aemkaide VI, 7,8,9,10, 8 ec 
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Md abide it *^toCiu HiM, frttm thew fiehiU 

ofdivhion, draw lift’d^ ^ 8^9*1^ •«. mdUd to 

tbe £;>rth'8 ivl, C? ^tl>. * 

With the mh^ idlctait Jt Xlt m a t«Kfitiii» deiieribe tHe quA« 
4rant«l Kt Xlljt hhd dhride itinth ^ equid ptm, u XII a, 
ah, he^ cd, and «isd UiitMgli the ifieidon peinti, a, h, 
f. d, f, diraw tlie oecwh lilies Vn r Vm tf IV, IXelll, 
X b II, and XI a I, All ptteilel to VI JT VI, and meeting the 
fonner occult lines 7^, 8 o, Ice. in the poims VII, V|II, IX, 
X, XI, V, tv, til, 11, and I s urMch pdiats trill mark the mc. 
teral atiiadmis of London dn die BarthV disc, at these hount 
Miehdveljr, as ^eeo fttau tli# Sun; and the eiliptie enree VI 
VT| Vllt, Ike/bdii^ dmim th«e poUitt^ trill repre- 

sent the pmallel of latitude, or path of I^uidon on the disc, as 
seen fitna the Bun, ftom its rising to its setting. 

S. B.' If the 8tiii% deditlatkm had licen soutli, the diurnal 
padt of I^ondon would have been on the Up]>er side of the line 
VI JT yl, and would haVO touched the Knc DLK in L—It is 
requisite Co dbkle the horiu^ npaces into quartm (as some are 
id the Sgvge), and, if potriblc, into minuted also. 

M^e CB the radltiB of a line of dundson the seetor, and 
taking therefiitMi die chord of 5* Slf, the atigle of the Moon\ 
vidble jmth Vidi die aetipde, set it ok dom ffio Man the left 
liand MCJSt the axii of dih eclI^fMic, boeause the Hoon*s lari- 
hide is north l^en difair CM tat die axis of the 

Mooifa othiL and hiseai the ah^ if the rightdiae CZ.-0 

kf the Moona Udtuda had been north deaehmiUng, die aiis of' 
ber oridt voidd bare been dn thd lrt|^ hand fiOin die axis id* 
the ec^pde. *** 

X. a, Xhe aids of the Mocafa orbit liei the wme way when 
W Widida U south ascending, m wlien H Is north aaeending; 
and the same way when south deshe^ng, as when north do. 
acendhi^ 

Tfake thh^Ubaift UUtnde ¥lf IB* ftvan the scale CJ in y5ur 
compaMmb kddUlet it from I to a? buhebbccdng line C B, mak* 
tim far piriw and dndUgb nt tyglA angles to the 

aaus of the Monn^ ochit ^if, dmV tba straight line 
for the pa^ of tha pfAmmSt iMre over the Barth's disc. 

point w, (n the iiU of the Momfs oehit, hrthal where tho 
penumbira's centre appitriches ncitiestto dnfcentm of the Karth's 
dh^ and eobscqncndy is the middle of the general t^ipw. tho 
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point as tiua xiiMn ikm «|i« Sup and Mpop 

faUa^ aoQOfdipg tppqwd tm 1^ tlip tpUpi; and the pointy is 
the ediptical eoijuiwtion of the SuB«R|d Moon. 

Take the Moon's tnie homy ipii(;ion from the ST 
in your eotn pawe^ ten the scaie CJ dwidon of uhidi 
is a nunutn of ade|gree)raMuvth that extent make marks aloB^ 
the path of the penumte's centre; and divide each iqaace ten 
mark to mark* into 0(f cqhal parts or h^r^ minutes, hy 
dots; and set die hours to cvesy 60th minute, in such a man- 
ner, that the dot dgnifying the instant of new moon by the 
tables, may fall into die pmnt a?, half way between the axis of 
the Moon's orbitji and the axis of the ediplic; and then, the 
rest of the dots will shew die points on die Earth's disc, where 
the pditimbra's centte is at the instants denoted by them, in its 
iransit ovm: the Earth. 

Apply one side of a square to the line of die pepumbra's 
path, and move the square bacltwards and terards, uadi the 
other ddu of it cuts the same hour and minute (as at «n and m) 
both ui the path of London, and in the padi of the penumbra's 
centre: and the particular minute or instant which the square 
cuts at the tsme time in both paths, will be the instant of the 
vuulde oonjunation of the Sun and Moon, or greatest obscura¬ 
tion of die Suii».at the place for which the construction is made, 
namely, Ijondoib in die present exaa^ple; and this mstant is 
at minutes pfst X o'clock in the mcirDiii& which is 17 
Biinutes 5 seconds later dian the tabular dme cn tnm conjunc¬ 
tion. 

Take the Sun's setnidjemetssy Id' 6", in your co m passes, ten 
die nSde CJt and setting one foot in the path of I.^on at«, 

. namdy, at 47| ndnutee past X, with thf other ftiot describe 
the circle UK, whkh shall mpresent the Sun'sdBsc asaeen frmn 
Londonat the g^watestobsouitoion* Theq take the Moon's semi- 
diameter, 14^ ST, in your compasses^ ten die same scale; and 
eetting one foot in the path of the pqnumte's centre M m, in 
the 47| fmnnte after X; with the other tet describe dm rircle 
TTfordie Moon's disc, as sasii ten London, at the time when 
the eclipse is at the girealert; and the portion of the l^un's disc 
which is lud or cut ^ by the Moon's, will shew the quantity 
of the edipse at that time; whidi quantity may be measured on 
a line equal to the Sun'l dbuneCer, and divided ia^ twelve equal 
parts Sat ^gits. ^ * 
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Lwlly, take |h» tfar |)^ttN^ dl' 8^', Crpm 

ihe anLt CJ, iu WmI aet^g ovMi. foot in the 

line of ti|L' pen«tiiibm'%«x^l^ )HUh» on tlio l«ft htmi from tho 
axis of tk^ eoQjptic, ^cct 0Ui«r foot townrda the piitli of 
Iiondo^i mAum^ tliat exteiKt j^wanhtjud forwa^a, till 
both the pointit of the cam|ktua^^^ into the lanus initaiits in 
both tlie padib: and these instants will denote tlie time when 
die eclipse begins at l^dopt* Thcii,*do the like on die right 
hand of the axis of the ecliptic; and where the points of tliv 
«iiDpasse> fall into tlie wqfi instants in both the paths, they 
wiU shew at what time the eclipse ends at Lemdon. 

These trials gi^e SO niintitei after IX in the morning for the 
beginning of the eclipse*at X^don^ at*the points JV^and 0; 
47| tuinutes after X, at die poUits m and m, for the time ol* 
greatest ohacurauaii; and 38 minutes alWr XII, at it and 
fat die ^pne when the eclipse ends, according, to mean or equal 
time. 

Fcom these tunes we must subtract the equathm of natural 
days, vis. 8 mimites 48 seconds, in leap year April 1', and we 
•hall have the iqiparent times; namely, IX hours 16 minutet. 
18 seconds for the bc;|pnniiig of the eclipse, X hqurs 40 mi- 
notea 40 seconds for the time of gmtest obscuratkiD, and XII 
hours 14 mipiiii^ 10 seconds for the time whsh the eclipse 
,eods^ But the best way is to apply tins equation to the true 
equal tune of new moon, befoec tl^ projecdon he begun, as is 
done in Example I. For the ngidon or ponthxi dT places on 
the Fairth's disc answers fo njqwrcnt mr solar tiro. 

In this oonftructum, it is aqpposed, that the angle under 
which the Moon's dim is seen, during the wbolo time oT the 
eclipse, continpes invariably die same; and that the Moon's 
mutton is uniform and reetUincad during ^bat Unie. But these 
suppoMtJons do not exactly agree with the truth; and, dierc> 
foie, supposing the ekments given by the tables to be accurate, 
yet dro dam4 nnd phases of the adipie, deduced frsin its con. 
stniction, «U) not answer to exaedy what passes in the heavens; 
but xoay be at kast tno or tluee minutes wrong, though done 
with the greatest care. Mmvovfr, die pathsof all places of consi- 
deralde latitlides are nearer the oepUt of the Barth's disc, as 
aeon from the Sun, than those amstmctioiil make diem; hc^ 
cause tljc disc is projected as if the Barth were a perfect sphere, 
although it is known td bo a i^dicroid. Consequently, the Moon's 
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^badkMr irill ftfthttr wthwi^ |A»ciw of northern lai^ 
tilde, and fiul|iier nmidiirerd in tU |ilnMt «f loathern hSiiiiidet 
then it is shewn to do in these ta^Migr- 

er'dtebles, this eoUpsewiU he nbottt^ quarter of an bdijur SoottlBr 
than either these tables, nr JUg, ^{^bunsteatTs,' nr Dr. HaUeyh 
make it: end will not Ito is ilwh i r m |«oiidoo. But M. De k 
raille's make U ahnost ogntral. 


Tie Pr^ec^ ^Zamer Ed^pm. 

AVhen the Moon ia within Id degrees of eithar on the pn^ 
of her nodea^ at the time idien jdieis full, the will «r la^ 
be eclipsed, otherwise not. vMredipm. 

We find by Example II, page 288, that at the time of mean 
full moon in May 1762, the diitih distance from the ascending 
node was cmly 4° 48' 35"; and the Moon being thai opposite to 
the Sun, must have been just as near her descending n^, and 
was therefore eclipsed. 

The elements for constructing an eclipse of the Mom ate 
eight in number, as follow 

1. The tme time of full moon; and at that time, 2. The 
Moon’s hotiaontal patsdlax. 3. The ^n*a aanidiameter. 4 
The Moan’s aeundiameter. 5. Hie senddiameter of die Earth’a 
shadow at the Motef. 6L The Moasfa latitude. 7. The gagle 
of the Mocrn’s vinble path with the^ ecliptic. 8. The Moon's 
true horaiy motion foom the Sun*—The^ore, 

]. JTo Jfnd tV ^haa ifJiiU ifotm.—Week as'already 
tau^t m the precepts.—Thus we have the true time of foil 
Moon in May 17^ (see Example H, page 288) on the 
8th day,, at 50 nunutes 50 seconds'peat 3 o*doA in the 
morning. 

2. Tb Jhd He Jfdode iorisonial jpnfoBar.—lUitte Table 
XVII, with the Moon’smeatt asioaudy (12 foe afaote foH) 9^ T 
42 42", and with it take nut herfoorizanfal parallax; tfokfo, 
1^ making the leqcdnte proportions, will be fimnd terbe 5T 
23 '^ 

8, 4. 7b JlndMsmi^a$iieiere2f^Sun andMbon^Enter 
Table XVlI, with fodr respective anomalies, the Sun's bmng 
30* 7” 2T 4T (by foe abuse example), and foe Moon’s 9* 2° 
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4jr^ and irith lluli^ take mit renfieetivc ti'hiidiami^ 
lam; tkc Sufi^i 15' 50*, and t!ie Moott*i<t 15^ » 

M,S*<tJhd 9ti ^tmidbunrttr ^Mr£la>/5> ihadow ai tht 
JfcKM.—*Add the Siin> horiaontal yiarnllav, which alwap 9"* 
tetlie Moon^ which in the pteatom cMt^ ia ST 25^, thewim eiil 
be fff SSti from wfilcti aithtnuA the duifftsctnidiameter 15' S0\ 
and thoe will rei min 41' 96^ for the acmidiameter of Uiat pai t 
of tlie KarthV shadow idiich the Moon then peases through 

6. To Jhnf the ifoonV lff/iMip.>«»]^iid the Sim's true dis. 
tance from tho ascending node fas already tanght in pagt^ S91) 
at Uie true Ume of full mocatt and this distance, incnxuifd h) 
six sigaik wiH be tlie Moon's true distance fiom the same nmle, 
and oanscqtiedtly the atgiluieiit Ihr finding her true latitude, as 
shewn in page 298. 

Thua, in Sxample II, the Sun's mean distanrt' from the 
ascendh^t node Wa« 0* 4^ 49' 85'', it the time of mean full 
inOon: but it appears by the example, that thi^ true tiiiu 
tliereOf was 6 hours 88 initiuteH seconds sooner than the 
mean time, and tlicn'fore ve must subtract the Sun's inutuni 
from ihc\iodh (found in Tatde XIl, page 272-8) duiing tins 
intma], from the abore mean distamn* 0* d** 49" S5", in order 
to ham his mean dUtance from it at the,true time of full moon. 
•—Then to this appljl^ tha «(|uation of his mean distance fnnii 
the node, found in Tilde XV, his mean anomaly 10* T 2T 
4Srf and, lastly, add tix li^: so diall Uie Mofui's true 
disianee firom the'asoending nm be fbnuid aa^dlows 
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Which \h the Mfluat*# tfue dbuitcv lier ^n^ p ri t dm g node'it 
the troic time of her haiiig AiJl; mi 4nni»«qti^ly the eigu.. 
luent for fimling her tziie leliitiKfo 14 that tini^ TheMI^ 
itith this argument^ enter T9bie XVI, making {gei|]ortions Inn. 
tween the iatitudee UeMigU]^ to lihe at|d 7<h of tiie 
.irgument at the left hand (the a^ipaa being at the top) for the 
10 11^', aud it will givers' 21" for th« hlcioii's true hititade^ 
H hidi ap^Hian by the table to be south deflcendiqg. 

7. To *find the nngjk ^ tkt Moo/^e weiiie |m|& with 

Tliie may be stated at Bf* OS', without my error of 
t(insc(]ticnGe in the projectiQn of the eelipse. 

8. Tojnd the Mom'e irm boTEf;^ mtaiga Jhm tbe^ 

Willi their respective* aiMinaiies take out their bonny motions 
fioiii Table XVn, in page 279; and the Sim's horary nation 
subtracted from the Moon's, leaves femauuiig the Mooifs true 
iioniiy motion founi Uie Sun; in the present cate dO' B/ST* 

Now collect these elements togetlier for use. 

o. B. ». Sr 

1. TntcliiMof full Mooniii May 176‘i, « « S 3d0 4MI 


2. M«on*M horlaonlal yMdks, • . <•§ « O 19 

:i. tSiin’s MtnidiMtieuri » - * ^ • 0 fiS 

1. JMoooS acmidisineteit - .. * 0 IS <31 

% Sutmluuneter of tlut !nntl>*s ahadov at the hfote, • 0 4t IS 

S. MoodIi trae latilnde, toudl dMocndliia, • 0 IS ll 

7 . Angle of hot vitede piOi wWi Uu ee%tic, • A 31 9 

a. Her tnie horary ntotioa from At 9us, • - 0 30 fit 


Those elements being fmind for the eonstractioii of the 
MtM)uV ccUpso in May 1702, prtx'eed as follows :«.< * 

Make a scale of any convenient length, os W JT, Pt.«« xif« 
and divide it into 6U ctiual parts enidi part tAoiiding 3* 
lor a minute of a degree. 

Draw the right Kne ACM (Fig. S) for piurtpf p, ^ 
the ecli])Uc, and C D perpendiculte thereto for tjbe ^ 
southein part of its aids; the Moon having south latitude* 

Add the Mnnidiameters of the Moon and Earth's diadow 
together, which, in Utb edipse, will make 5T IS"; and take 
this from the scale in yonr compasses and setting one foot in 
the ]K)int C as a centre, with the otiicr foot dtectibe Uic scini- 
eiri'le A D^B; in one point which, the Muon's centre will 
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b6*$i the begimlflg tf the' eDlijiBe, mad in enollior ot the end 
t h eieofc « 

Take the aevidiaineter of the Eiiliv'a t^Iiadow, 4r ST, in 
jour c(ini|Ni«let feom the Male, and setting one foot in the 
centre C, «ith thk Sllfoer foot d«ieiflb» tile MXriciitle it £ J/ 
the southeni half df ibe 'Baatli>i iliadowt faottitisc the Moon'^ 
latitude is south in Ibis • 

Make C Z> lequid to the n^fois of a line of chords on the 
sector, and set off the angle nf foe MmriIs Tisihle path with the 
ecliptic, IP 85^, foDOi D te JE| and draw the right line C jF K 
for the southern half df tha «kfi of the MofA's orbit, lying to 
the right halMt fraas foe atda of the eeliptie C D, liecouse the 
MooiiVr ladtildn is south deapendSiig^It trould Imvc been tlie 
same oaj («Wk foe other iddO of the cdiptic) if Tier latitude had 
been na^ deteendingt but ooittrsrj in both eases, if hat lati¬ 
tude had been dfoer north aaacndingiDr south ascending. 

Bisect foe angle J)C JShyibe right line Cg; in which lint>, 
the true equal ttme of opposition of the Sun and Moon falldl as 
given bj foe tabiea. 

Take foe Moon'S ladtudo, 9Sf 21"', froin the scale with j^our 
cosapeiaes, and set ii^ from C to G, in the line C Gg ; and 
fomugh point O, at t%b^ angles toC F£, draw the riglit 
fine F if (7 for foe path of foe Meon'e centre. Tlicn, F 

shall be foe point in foe Earth's shadow, where the Moon s 
centre is at the middle of foe eclipse; G, foe point where her 
centre is at the tabular fone of hes being foU; agd if* the 
point where her centre » at the Instant of her ecHptical op- 
pofoion. r 

Take the Mooob bonry motion from foe Sui^ 3(f 5SP, in 
jouf compasses foom foe scale; and with that extent make 
nusdks ilo^ the fine of. the Moon's path F G N: then divide 
each i^sMC ftom mark to mark, into 60 equal parts, or horary 
minutes, and set foe hours to foe proper dots in such a manner, 
that foe dot slgaifying foe instant of full moon (vis. W minutes 
fiO lesonds aflUk 111 in foe morning), may be in foe point 6, 
wheto the fioe of foe Moonb path cigs the line that bisects the 
anfj^ J^€ 

Take foe Moonlswilnidiainetier, \S iST, m your eompa%cs 
fo*e seadei, and with that extent, as a rafous, upon foe 
Wnts N, F, md F, as centres, describe foe drde Q for the 
® m at foe. beginning of foe edipBe, when foe touches the 
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Kart]i *0 shadow itt V \ tht cifele jf lb# ilia Mwmq at the ittiddle 
of the edipse; and the orde S ftw the Moon at the end c€ the 
tHjHpse, juft Icfvmg the 

The point JST denotes tbft instaiit when the begins 

namelty at 15 minutai macenoda after II Iki the nMCnh^: the 
}Mnnt jT, the middle df tlM*aelfpae» aft 47 ttinutes 45 second# 
IMist III; and the point JF* the eh!4idrilieaiK|M(e,,at 18 mittotes 
Mt>or V At the greatest obsctthidan, the Moon is 30 dt^ts 
eclijised. * ^ ‘ 

Cmeenrirt^ an anahwft BiMpue tjfike Moon, 

i. * 

It is recorded h^ l^tnlein^ from Ifippordius^ tliat on. the 
122d of September, the year hehve^tlie drst year ofJChrist, 
the Moon rose so much edipsed at Al^candria, that the ellipse 
niMpt have begun about hqlf an {hour hefbre ^e rose. ' 

Mr. Carey puts down this eiillpse in his chronology os jfbl. 
iowe, among several other ancient ones, recorded by didereut 
authors. 

J JvL P«r. ScL 4 Per. Cel* 2 Am. 54. ffm 7* VtAoemuer 
< 4613 . P^M. Alexan^r.Dig.eeet.10. 647 . 

f ScpL2i. (|>l(alm.l.4,e. 11.3 a/enV. 16. 

That is, in the 4515lh year of the d^phan period, which was 
the 547th year from Nahemassar, and the 5^i year ef the se¬ 
cond CaJspfnc period, on the IGth day of the montli Mesori, 
nhich answers to theSMof September, the IdoonVas 10 digits 
eclipsed at ildcxandri% at 7 o^dock iu |he evening. 

Now, as our Saviour was bom, according to the Bionydan, 
or vui^r era of hia^birth, in the 471^th year of die Julian 
fK^riod, it is plain that the 453Sth ye«r of theft pentxl a^as the 
SOOth year befene the year of Christ's birdi; and cmisequmtly 
SOI years before the ;year of Christ 1. 

And, in the year 2^1, on the $2d of September, it appears 
by Example V (])agc dtat the Muon was full at SO ini- 
nutes S8 seconds {laat 7 in the evening, in the meridiau of 
^ievandiia. * 

At tiiat time, the Sun's place was Viigo 2G* 14\ according to 
our tallies; so thirf the Sun was dicn^irithin 4 degrees of the 
autumnal equinox: and according to c^ulatioi^ he must lia\e 
M‘t ttt Alexandria about 5 minutes aflcr 6, and about one de¬ 
gree north^of the west. 
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The Monn bnn^ OiH al that time, would have riiten ju«t at 
mmset, about one degvee south of tlm east, if rfie had been in 
either of h4r nodes, and her vinhle plan* not depmeed by 
parallax. « 

But her parallaelie dq^ression (as a ppear s ftom her anhinal}, 
vir. 10* 0* neaily), most hm been 55* IT'; whidi exceeds her 
whole diameter by f4' 58*; %lll dien,* she must have been ele» 
voted 33' 46* by re&aetion; whkli, subtracted from her paraU 
lax, leaves SV 38* for her vitible or apfiarent depression. 

And her true latitude was 90y north descending, w'hidh be. 
Itig contrary to her apparent depression, and greater 4han the 
same by S' 5S*, her true time of rian^ must have been just 
about VI o'Vdo^. 

Nowt os die Moon rose abont one degree south of the east at 
Alcxaadna, where the visible horiron is land, and not sea, we 
can hardly imagine her to have been Jess than 16 or 80 miiiiftes 
of time above the true horison before she was visible. 

It qipeais Fig. 4^ which is adelincation of this 
echpse reduced to the time at Alexandria, thaf the 
eclipse began at 53 minutes aflcr V in'the evening; and cl*n«o. 
quently T minutes before the Mdon was in the true h<»ris<in * to 
which, if we add 80 minutes for the interval between licr true 
rinng and her behlg vimble, wc shall have 87 minutes for the 
time that the edipse was begun lieforc die Mocm wras viMbly 
risen. Tlie middle of fJiis celip^e was at 30 minutes past VII, 
wlien its qtiantity was almost 10 digits, and its ending was at 6 
minutes past IX hi tbe tfvening. So that Our tables come as 
near to the recorded time ol‘ tins edipse as can be expected, 
after a lap<« of 1960 yean. 


CHAP. XX. 

OF TR2 FIXLO STABS. 

The Stan'S are said to be fixed, because they have 
ed itm apm been generally observed to keep at the same distances 
^nn sSm othec; their apparent diurnal revolutions 

by theWe being caused solely by the Barthes turning on its 
Xin wen They appear of a sensible magnitude to the 

• *<!• Jbara eye, because the ratina is affected not only by 
the rays of light whidi are emitted di.*ectly from 
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them, but by many thouranda more, which falling upon our 
cyo-lids, and upon aerial paiticlee about us, are refined in¬ 
to our eyes so strongly, as to excite vibrations not only in those 
points of the retina where the real images of the stars are fc«m- 
ed, but also in other paints at some distance round about This 
makes us imagine the stars tQ be much Ingger than they would 
appear, if we saw them^ only by .the few rays which oome di¬ 
rectly from them, so as to enter our eyes without being inter¬ 
mixed with others. Any one may be sensible of this, by look¬ 
ing at a star of the first magnitude through a kmg narrow tube; 
which, though it takes in as much of the sky as would bold a 
thousand such stars, yet scarce renders tkat one visible. 

The more a telescope magnifies, the less is the aperture 
tlirough which the star is seenand consequently the fewer rays 
it admits into the eye. Now, rince the stars aiqiear ^ 
less in a telcsco|X! which magnifies 200 times than t^duneby 
they do to the bare eye, insomuch that they seem to 
be only indivisible points, it proves at once that the 
stars are at immense distances from us, and that they shine by 
theirfown prf^>r Mght. If they shone by borrowed light, they 
woi^d bc‘ as invisible without telescopes as the satellites of 
tiiipiter are; for tlicsc satellites apjiear bigger when viewed vrith 
a good telescope than the largest fixed stars do. 

855. The number of stars discoverable, in rither hemisfdiere, 
by the naked eye, is not above a thousand. This at first may 
appear incredible, because they seem to be without number: 
but the deceprion arises from our looking confusedly Tiieir nmn. 
upon them, whliout reducing them into any order: twmudilm 
for luoK but stedfastly upon a pretty large portion of niiy ina- 
the sky, and count the number of stars in it, and you 
will be surprised to find them so few. And if one considers 
how seldom die Moon meets with any stars in her way, al¬ 
though dicre are as many about her path as in other parts of 
tlic heavens, he will soon be convinced that the stars are much 
thinner sown than he was aware erf*. The British catalogue, 
which, besides the stars visible to the bare eye, includes a great 
number which cannot be seen without the assistance of a tele-> 
scope, contains no more than 3000, in both hemisj^eres.* 

* If ve take a tube, whoee length ic to He widtfi m 100 to 97t md look at any 
part of the heavens through a very amal! hide in one of ita estranitiee, we ahall 
acutely be ablf to eonat more than 100 ttan. Now, it may be demmutnied, that 
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The ebrahli incomparably more light Troni the 

tj of luppm* Moon tliau iroui all the Ktars tc^ether, it is the 
iug the etan oTeatest absurdity to imagmu that the stars acre 
QDiy to shine iiiaue ior lU) other purjiose than to ca^t a laint light 
the "ighu *" ^ Karth: especially since many nanx* require 

the assistance ol a gqud telv.scupe to find them out, 
than are \ihil)1e without that instninieut. Our Sun is sur¬ 
rounded by a system of* planets and comets; all which would 
be invisible from the nearc^st fixed star. And froui i^hat we 


already know of the immense distance of the stars, tlie ncaux^ht 
may be computed at 000,000,000,000 of miles from us, 

which is further than a eaiinon bullet would fly in 7*000,000 of 
years. Hence it is cosy to pmve, that the Sun, seen from such 
a distaiice, would appear no bi|gger thati a star of the first mag¬ 
nitude. From all this it is highly probable, that each star is a 
Sun to a system of worlds moving round it, though unseen 
us; especially, as the diwtiine of a pliirJit) of w'orlds is rational, 
and grcdtl} manifests the |x>wer, wisdom, and gooiliiess of llu. 
great Creator. 


Thcb difihr- 
cot 


057 The stars, on aceount of their ap{mren^* \«t- 
rious magnitudes, ha\e been distnbuli'd into seseial 
classes or orders. Those wlmh ap{K‘ar largest, an 


called stars of the first magnitude ; the next to tluin in lustrt. 


stars of the secoiul magnitude; and so on to the sixth, tshich au 


the onallcst that are \isiblc to the liare t‘\e. This dit>lnbuUon 


having been made long before the invention of telesco|X‘s, the 
stars which cannot be seen without the assistance of these instru¬ 


ments, arc distinguislied by tlie luune of telescopic stars. 

And diviaion aiicicnts divided Uie starry spliere into 

intocancteD*- particular constellations, or systems of stars, aeeord- 
ing as they lay near one another, so ns to ueeiipy 
those spaces which die figures id* diff'erenl sorts of aiiunais or 
things would take up, if they were Uu-'re delineated. And thosi> 
stars which could not be brought into any {lartieular constella¬ 
tion, were called un/brwd Stars. 

Tfa« iiie at 359* Tliis divitaon of the stars into different eou- 
tfak divuion. gtellatbns or osterisms, serves to distinguish them 
from cme another, so that any particular star may be readily 


tWs tube takes ia cuedj a tenth part ef the visible heraispbeie; and therefore, it fd- 
lovi, that the tje cannot reckon more than 10 x 100, or 1000 stars in one henu- 
^hen.i.B Mi. ^ 
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found in the heavens by ineaifs of a celestial globe; on which 
the consfcllations are so delineated, as to put the most remark¬ 
able stars into such parts of the figures as are most easily dis¬ 
tinguished. The number of the ancient constellations is 4f8, 
and upon our present globes al)out 70. On Senex's globes 
Bayer's letters arc inserted; the ffrst in the Greek alphalxM be¬ 
ing put to the biggest s^ir in each consf el latum, the second to 
tlie next, and mi on; by which means, every star is as eamly 
found as if a name were given to it. Tims, if the star 7 in the 
constellation of the Rain he mentioned, every astronomer knows 
as well what star is meant, ns if it w'erc pointed out to him in 
tile heavens. 

060. There is also a divjsinn of the heavens into 
thre(‘ jiarts. 1, The /(uliac from 

ymlion, an animal, heenuse most of the constellations in it, 
which are twelve in miinher, are the figures of animals: as Aries 
the rum, Tallru^ the hull, Gemini the twins, (’nncer the crab, 
L(s> tbe lion, Virgo the 'irgin, l/ibra the lialance, Scorpio the 
scorpion, Sagitt.'iniis the archer, ('apncormis the goat, Aquarius 
the Viiter-liearei, and Pisees the fishes. The zodiac goes quite 
roiii/d the heu\ ens: it i>- alKitit 16 degrees broad, so that it takes 
in the orbits of all the planets, and likewise the orbit of the 
Moon.* Along the middle of this zone or belt, is the ecliptic, or 
circle which the Karth des(‘rilics annually, assc’cnfrom the Sun; 
and which the Sun a]ipears to desenhe, as seen from the Earth. 

2, All that region of the heavens, which is on the north side of 
the zodiac, contains 21 constellations. .4nd, 6, I'hat on the 
soutli sjde, lf>. 

361 The ancients divided the zodiac into the above 
12 constellations or signs, in the following manner, of dividing it 
They took a vessel with a small hole in the bottom, •’J' **** “■ 

* ClCDiVa 

and having filled it with water, they suffered tlie 
fluid to distil drop by drop into another vessel set beneath to 
receive it; be^nning at the moment when some star ruse, and 
continuing until it rose the next following night. The water 
fallen dowm into the receiver, they divided into twelve equal 
parts; and having two other small vessels in readiness, each of 
them flt to rontaiii one part, they again poured all the water in«> 


* The zodiac does not comprehend die orhit of Pai.las, which h indiacd about 
35* to the rdiptie, nor the orbits of the latelUteii of the Geotgiuin Sidut, which are 
supposed to mote at rij^U angles to the ecliptic.'^l?cf.. 
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to the Upper vessel; and observing the rising of soiiio star in the 
zodiac, they at the same time suffered the water to drop into one 
of the small vessels; and as sesm os it aas full, they sliifted it, 
and set an empty one in its place. When each vessel was full, 
they t(M)k notice what star t>f the zodiac ruse; and though this 
could not be done in one nighf, yet in many, they oliscrvcd the 
rising of twelve stars or points, by «bich they divideil the zo¬ 
diac into twe ve (tarts. 

362. The names of the consieUations, and the itiimlH-r of 
stars observed in CtU’h of them l>v cl’Heren* astronomers, an* a*- 
fallow 

Tht Attciint CopsteUettmt. 


1 >c. Flam. Bcrl. < hi. 


ITm minor 

the IJttIr Bear 

8 

7 

12 

24 

26 

Uiw nuyor 

the Great Beat 

:)o 

29 

73 

87 

105 

Dmeo 

die Dragon 

:u 

32 

40 

80 

87 

Cejdieiu 

Cejiheus 

1.1 

4 

51 

:t5 

58 

Bootes, Antoph^at 

riou;»h Drivn 

23 

18 

52 

51 

64 

Corona Borealis 

die N'orthem Crown 

H 

8 

8 

21 

21 

Hetculea, A'R>aau«ii 

Hcmiles kneeling 

2!> 

28 

45 

113 

119 

Ijfn. 

the IForp 

10 

n 

17 

21 

25 

Cj^os, iiatltna 

the Swan 

19 

18 

47 

81 

83 

Caimpeu 

the l^dy m Iter Chair 

13 

26 

37 

55 

\ 6t 

Perseub 

Perseus 

23 

29 

46 

59 

\73 

Auriga 

the Waggoner 

14 

9 

40 


'71 

Serpentarius, f^ivrAiu 

{ieipeotaaus 

29 

15 

to 

74 

79 

Serpens 

the Serpent 

18 

13 

22 

64 

65 

Sagitta 

the Arrow 

5 

5 

5 

18 

18 

Aquila, Vvltur 

the Kagle 1 

lo 

12 

23 

71 


Andnona 

Antinouh f 

3 

19 


Odphinus 

the Dolphin 

10 

10 

14 

18 

19 

Equulus, 

the Horse’s Head 

4 

4 

G 

10 

10 

Peguos, Efuu* 

die Flying Hone 

20 

19 

38 

80 


A^iomeda 

And’tniieda 

23 

23 

47 

66 

73 

Triangula 

the Triangles 

4 

4 

12 

16 

17 

Aries 

the Ram 

18 

21 

27 

6fX 

67 

Taurus 

the Bull 

44 

43 

51 

141 

143 

Gemini 

the Twida 

25 

25 

38 

85 

67 

Cancer 

the Crab 

23 

15 

20 

83 

87 

Leo 

the I.ion 1 

35 

SO 

49 

95 

101 

Coma Berenices 

Berenice’s Hair f 

14 

21 

43 

48 

Virgo 

the Virgin 

32 

33 

50 

110 

117 

lita^ Chelm 

the Scales 

17 

10 

20 

61 

55 

Scorpio 

Sagittarius 

Csprioonnis 

Aquarius 

the Scorpion 
the Arciier 

24 

.11 

10 

14 

20 

22 

35 

65 

37 

73 

the Goat 

28 

28 

29 

61 

54 

the Water-bever 

45 

41 

47 

108 

119 

Piseea 

the Fishes 

88 

38 

39 

113 

115 

the Whale, * 

22 

21 

45 

97 

09 


Orion 

38 

42 

62 

78 

82 

Sridanua, Ffawtit 

Etidanus, tie Jtwer 

34 

10 

27 

69 

70 

JLqpno 

CanisnajM 

the Han 

IS 

18 

16 

10 

20 

the Great Dog 

99 

13 

21 

81 

31 

QigiBtninor 

Ae Litda Dog 

2 

2 

13 

14 

18 

Algo 

the Ship 

45 

3 

4 

64 



the Hydra 

27 

18 

31' 

60 

62 

Grater 

the Cup 

7 

3 

10 

31 
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(‘tol. 

rsc. rUm IktLCaial. 

Corvuh 

the Trow 

7 

i 9 

10 

Ccntauru<> 

the Centaur 

37 

3& 


Lupus 

the Wolf 

1 » 

24 


Are 

da Altar 

7 

9 


Corona Auhtralis 

the Soudicrn t'rown 

13 

12 


Puces Aiutrolii 

da Southern I'uh 

18 

24 


7V<r Ncm Sou^m ConUtUatione. 






littrl 

(aillL 

Cduniba Noadii 

• Nnolt’b Dove 


10 

52 

Jiobur Corolinuui 

the Jiiijal Oitli 


12 


(«rus 

the C'laiu. 


13 

44 

Phvnix ‘ 

the Phornix 


13 

48 

Indus 

the Indun 


12 

34 

Pavo 

the Peacock 


14 

36 

Apus, if DM Indica 

the Bird of Paradise 


il 

13 

Apu, Jl/tuca 

the Bee or Ply 


4 

13 

C'hamielcon 

• the Chameleon 


10 

26 

Tnanguluni Australc 

the South I'riangle 


6 

13 

Pikcu voloru, Piuto 

the Plying Pish 


a 

12 

Donuio, A'lpAuu 

die Sword Pish 


G 

19 

Tovcmi 

die American goose 


9 

33 

IJydrus 

tlie Water Sn^ 


10 

84 


The fMaming txmttdlatwiu haw been made wee efhg eume Aetrimemere. 

Cwllc. 


Crux 

the CroM 



12 

Alons Mvnalus 

the Mountain MmibIub 




1111108 

the Cock ' 




liubecuU Major 

the Greater Ckiud 



1 

iSfubecula Minor 

the Ijbsbu Cloud 



2 

Kcuculum Rhomboidum 

the Bhomboidol Beticiilum 

« 

15 

Cor Candi 

King Charles’s heart 




f/meh'w** ComaUUatioiu made out tke Tu^anaid Stares 




llcvel. riam BerL Calal. 

Lynx 

the Lynx 

19 

44 

48 

l.eo minor 

die Little lioh 


63 

59 

Astcron and Ctuun 

the Greyhounds 

83 

26* 

36 

Cerbenu 

Cerbenu 

4 



Vuipcculaand Anser 

the P'ox rad Goose 

87 

35 

36 

Scutum Sobicski 

SolneskrsBhidkl 

7 



IiBccrta 

the Lixard 


16 

18 

Camdepardalus 

die Camelopard 

32 

68 

78 

Monuccros 

the Unionm 

19 

81 

31 

Sextans 

the Sextant 

11 

41 

44 

e JaUammg new Seidbrm 

ContteUntiane kame been introdmeed Igf Dcln 

Cailk. 


CaOkb 


Apponitui Sculptons the Seulptor'a Appumtue SS 

Foriuix Cbymw the Cli]!tiiiat*e Stinaee 49 

Horologium the Cliw 84 

Ccdum Seulpiorium die Eugmm'a Orevirg Tool ]§ 

Equoleua Fkioiu the PetotirtEaeel 88 

Pyxio Nautiea the Maiiner*e Compus 14 

Andie rncumotica the Air Pomp 80 

Octeiu the Octant ^ 84 

Ciicinui tlio Compass lO 

Nonna the liule lA 

Tdeacopiuni die Tiilaioopc 21 

Mu-iOMOpiuni theMicrosc^ 13 

Mens 31 onsa> the Table Monnttun 13 
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^lie Milky *^68. There ib a reiiiiirkablo track round the hea< 
Wiijr. vons, called the GttUwjf or Jfiifrt/ 07iy, irom it>* ])e- 
culiar iihitencs«<. It sias funnerlv thought to be.owing to a 
vast number ot* very small "tars thenin;* but the telescojK' 
shews it to lx* quite otherwisi*; and therefore its whiteness must 
be owing to some other cause. This track ujipeurs single in 
some parts, in others double. , 

Lucid % t Mjveral little wliitisii sjnits m the 

heavens, which apjxar magnified, and niort' luminous 
wlien seen through telLscu})es: \(>t without an\ stars m them. 
One of thei4e is in Andnmieila's girdle, and was first obsened 
A n. 161S, bv Simon Marius: it has >onie whitish rays near its 
middle, is liable to several changes, and is sometimes iiiMsihie. 
Another is near the ecliptic, lH.*twi>eii the head and bow of Sa¬ 
gittarius : it is small, but verv luminous. A third is on the 
back of the Centaur, which is tixi fur south to lx* seen in Britain. 
A fourtli, of a smaller size, is lH‘fbre ..Vnliiiou.s*.s right iixit; ha\- 
mg a star in it, which makes it up{xar more bright. A fifth is 
in the constellation of Hercules, betwevn the stars ^ and r, whieli 
spot, tliough but small, is \isible to the bare e\e if the sky be 
clear, and the Moon absent. 

„ , * 865. Chudu StarSf oi Ni6ula\ ore so called from 

Cloudy ktan. ... ^ rnt i i i i i- 

their misty appearance. Ihey look like dim stars to 

the naked eye; hut through a telcsco|)e, they appear broad 
illuminated parts of the sky; in some of which is one star, m 
others more. Five of these are meiitioix*d by Ftolcmy. I. One 
at the extremity of the right hand of Perseus. 2. One in the 
middle of the Crab. S. One uiifunned, near the sting of the 
Scorpion. 4. The eye of Sagittarius. 5. One ni the head of 
Orion. In the first of these appear more stars through the 
telescope than in any of the rest, although ha^e been count¬ 
ed in the head of Orion, and above 40 in that of tlie Crab. 
Two are visible in the eye of Sagittallus without a telesco{x*, and 
several more with it Flamstead obser\*ed a cloudy star in the 
bow of SajpUarius, containing many smali stars: and the star d 
above Sagittarius's right shoulder is enconqiassed with several 
more. Both Cassiiu and Flamstead discovered one between 
the Great and Little Dc^, wliich is \ery full of stars, \isible 

The eiedletit tdekcopc* of Sir William llersdicl, indupuubly diew, that tlie 
milky way u Gompo*ed of an immane number of telewivic 
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only bv the telcM'opc. Tht* two whiliKli sjxits near the bf>iith 
pole, called the Maj^llanic Clouds by sailors, which MageUanir 
to the hart* eye resemble part of tlie Milky Way, Clou*, 
appear through telescopes to be a mixture of small clouds and 
stars. But the most remarkable of all the cloudy stars, is that 
in the middle of Orion’s Sword, where seven stars (of which 
three are very close together) seem to shine through a cloud, 
very lucid near the middle, but iamt and ill defined about the 
edges. It looks like a gap in the sk\, through which one may 
see, as it were, part of a much brighter region. Although most 
of these s|Mices are but a few minutes of a degree in breadth, 
yet, since they are among the fixed stars, they must be spaces 
larger than w'hat is ixeupicd hy our solar system; and in which 
there seems to lx‘ a perpetual uninterrujiicd day among num¬ 
berless worlds, w'hich no human art ever can discover. * 

366. Several stars are mentioned by ancient as- Chuget in 
tronomers, which are not now to be found; and heavenu. 
others arc now visible to the bare eye which are not recorded in 
the aneieiit catalogin'. Hipparchus observed a new star about 
120 years before ('hrist; but he has not mentioned in whai 
{>art of the heavens it w'as .seen, although it occasioned his 
making a catalogue of the stars; which is the most ancient that 
we have. 

I'lic first new star that wc hare any good account of, was 
discovered by Cornelius Gemma on the 8th of No- 
vemlx'r a. d. 1572, in the chair of Casrio))eia. It 
surpassed Sirius in briglitness and ina^itude; and was seen 
for l6jnonths successively. At first it appeared bigger than 
Jupiter, to some eves, by which it was seen at mid-day: after, 
wards it decayed grailually both in magnitude and lustre, until 
March 1573, when it bi'came invirildc. 

On the Idili of August 1596, David Fabneius observed the 
Stella Mira, or wonderful star, in the neck of the whale; which 
has lieen since found to appear and disappear periodically, seven 
times in six years, continuing in the greatest lustre for 15 days 
together; and is never quite extinguished. 

In the year 1600, William Jansenius discovered a change- 
able star in the neck of the Swan ; which, in time, became so 

* 

* A very full socouiU of nebul*, and double sUn, witli dtawing* of aomr of the 
nio&l inijmiiati^ niU be found in the euf^eiiientary ciupier mtU Find etan 
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small as tn be thoii|i^t to diiiap{)car entirely, till the ycaw 1657, 
1658, and 1659, when it recovered its former lustre and mag¬ 
nitude ; but soon decayed, and is now of the smallest size. 

In the year 1604>, E^ler and several of his friends saw a 
new star near the heel of the right foot of Serpentarius, so 
bright and sparkling, that it exceeded any thing they had ever 
sew before; and toedt notice that it ^as every moment chang¬ 
ing into some of the colours of the rainbow, except when it was 
near the horizon, at which time it was generally white. It sur¬ 
passed Jujuter in magnitude, which was near it all the month of 
October, but easily distinguished from Jupiter, by the steady 
light of that planet. It disappeared between October 1605 and 
the February following, and has not been seen since that time. 

In the year 1670, July 15, Hevelius discovered a new star, 
which in October was so decayed, os to be scarce perceptible. 
In April following, it regained its lustre, but wholly ^sappeared 
in August. In March 1672, it was seen again, but very small; 
and has not bemwTiublc rince. 

In the year 1686, a new star was discovered by Kirch, which 
returns poiodically in 404 da 3 rs. 

In the year 1672, Casrini saw a star in the neck of the Bull, 
which he thought was not visible in Tycho's time; nor when 
Bayer made his figures. 

867. Many stars, besides those above mentioned, 
^ have been obstfved to change their magnitudes; and 
as none of them could ever be perceived to have 
tails, it is plaiit they could not be comets; especially as tliey 
had no parallax, even when largest mid brightest: 1> would 
seem that the periodical stars have vast clusters of dark spots, 
and very slow rotations on thrir axes; by which means, they 
must diuppear when the side covered widi ^ts is turned to¬ 
wards ua. And as far those which break out all of a sudden 
with such lustre, it is by no means improbable that they arc 
autts whose fuel is almost^pent, and again supplied by some of 
their comets falling upon them, and occarioning an uncommon 
blase and splendour for some time; wluch indeed appears to 
be the greatest use of the oometaiy part of any system.* 

• M. Miiprtds,ialBidimrtrtiopantt»igniwiiftiMi criwriil bodiaifl^Cl-C8), 
irofopiuMi, Aat ioim itai, bf Ifadr prodigioai qnidE sotukos oa their ubbi, nmr 
flat iiBljr wwmw tht SgiBW of oblate ■pbwioifa, bat that bjr dW|FMteeDtittigdlbm, 
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Some of the stars, particularly Arctuni% have gomesian 
been observed to change their places above a minute chuge ibdr 
of a degree with respect to others. But whether 
this be owing to any real motion in the stars themselves, must 
require the observations of many ages to determine. If our 
solar system changes its place, with regard to absolute space, 
this must, in process of .time, occasion an apparenc change in 
the distances of the stars from each other: and in such a case, 
the places of the nearest stars to us being more affected than 
those which are veiy remote, their relative positions must seem 
to alter, though the stars themselves were really immoveable.*’ 
On the other hand, if our own system.be at rest, and any of the 
stars in real motion, this must vary their positions; and the 
more so, the nearer they ore to us, or swiilcr their motions 
arc; or the more proper the direction of their motion is for 
our perception. 

368. The obliquity of the cdiptic to the cquinoo- 
tiul is found at present to be above the third part 
iff a degree less than Ptolemy found it. And most tom to Uw e. 
of the observers after him, found it to decrease gtSL- 
dually down to Tycho's time. If it objected, 
that we cannot depend on the observatbns of the andents, 
because of the incorrectness of their instruments; we have 
to answer, that both Tycho and Flamstead are allowed to have 
been very good observers; and yet we find that Flamstead 
makes this obliquity minutes of a degree less than Tycho 
did, about 100 years before him: and as Ptolemy was 1324 
years Jiefore Tycho, so the gradual decrease answers' nearly 
the diffmence of time between these three astronomers. If wc 
consider, that the Earth is not a perfect sphere, but an oblate 


duced to flat dicolat planes, so tbin as to be quite iuTidbk when their edges aie 
turned towards us; as Saturn's ring is in such poridons. But when 107 eecentric 
plamts or eomets go round aaj flat star, in echiis mndi indined to its equator, die 
uttnedon of the planets or comets in their pwflMlMn*, must altar the indi n ad o n of 
the axis of that star; on which account, it will appear more or leas huge and lumi. 
nous, as its broad side is more or less turned towards us. And thus he imagines we 
may account fiir die apparent dumges of magnitude and lustre in those stars, and 
likewise for their appearing and disappearing. 

* This rhangc in the idatiTe poaitiona of tbs fixed stars has been detected by Sir 
William Hendid, who has ingeniously sttempiad to deduce, from dw nature of 
these dianges, the velodty of our system, and the direcdtfi in whidi it mom. Sec 
the euppUmqptary chapter On tAe/Vsed Start,0^^d. 
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spheroiil, lianngits axis shorter than its c(|unu>real dianieter; 
uid that the Sun and liltmii are constantly m'tiiig oblujuely 
upon the greater quantity of matter nlxiut Uic e({uator, pulling 
it, as it were, towards n nesu-er and nearer oaticideiice i^ith the 
ecliptic; it will not iqipi'^r iinprohuhle, that these actions should 
gradually diminish the angle Iwtwetm those planes. Niir is it 
less probable that the mutual nttnictioij of all the planets should 
have a tendency to biing their orbits to a c4>incidence : but this 
change is t<x> small to become sensible in many ages.^ 


( IIAP. XXI. . 

or THE DIVISION or TIME —A PKaPETrAL TABLE Or NEW 

MOONS-THE TIMES OF THE BIRTH AND DEATH or I'lIBIST— 

A TABLE OF BEMABKABLE CItAS OK EVEN'T.S. 

. 369. The part.s of time are Seconds, Minutes, Hours, Days, 
Vears, Cycles, Ages, and I’criods. 

^ ^ 370. The original standard, or integral measure 

of time, is ^year; which is determined by the rcv(»- 
ludpn of gome celestial botly in its orbit, viz. the Sun or Mistn. 
l^icd 371. The time measured by the Sun's revolution 
y*”* in the ecliptic, from any equinox c»r .solstice, to the 
same again, is called the Solar or Tropical Year, which con¬ 
tains 365 days 5 hours 48 iniiuitea 57 si>coijds; and is the only 
inroper or natural year, because it aivrays keep the same sea- 
ions to the same months. 

SydiTeai 372. The quantity oi' time measured by the Sun's 
revolution, as from any fixed star to the same star 
again, is called the Sydereal Year; which roiitains 365 days 6 
hours 9 minutes 14^ seixinds; and is 20 minutes 17^ seconds 
longer than the true solar year. 

I unar measured by t welve revolutions of 

.u a year. ^oon, from the Sun to the Sun again, is called 

the Lunar Year; it contains 35i days, 8 hours, 48 minutes, 
36 seconds; and is therefore 10 days, 21 hours, 0 minutes, 21 
seconds, shorter than the solar year. This is the foundation of 
the epact. 

■ 

’ Sec the Supplementary chapter no the Obbquity of the Ecliptic. 
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374. The Civil Year is that which is in oonunon 
use among the different nations of the world; of 

which, some reckon by the lunar, but mast by the solar. The 
civil .solar year contains 365 days, for three yemv running, which 
are called C'f)miiion Years; and then comes in what is called 
the Bissextile or Lea}>-year, which conuuns 366 days. This b 
also called the Julian \^ear, on account of Julius Caesar, who 
apfminted the intercalary day every fourth year, thinking thet«-, 
by to make the ci\il and solar year keep pace together. And 
this day, being added to the 33d of February, which in the 
Roman cah>iular was tJie sixth of the calends of March, that 
sixth dav was twice reckonet^ or the S3d and S4th were reckon- 
cd IIS one day; and m as called Bis sextm dies, and thence came 
the name Bissextile for that ^ear. But in our common alma¬ 
nacks, this day is added at the end of February. 

375. The C’nil Lunar Year is also common or in- 
torcalary. I’he connnon year conus^^s of 12 luna- ^ 

lions, which contain 354 days; at the end of which, the year 
begins again. The Intercalary, or Kmbolimic year, is that 
wheivin a month was added, to adjust the lunar year to die 
solar. This method was used by the Jew.s, who kept their ac¬ 
count by the lunar motions. But by intercalating no more than 
a month of 30 days, which they called Ve-Jdar, every third 
year they fell 31| days short of the solar year in that time. 

376. The Romans also used the lunar enibulimic ^ 

year at first, as it wa.s settled by Romulus their first 

king, who made it to consist only of ten mondis or lunations; 
which^fell 61 days short of the solar year, and so dieir year 
lieeame quite \ague and unfixed; for whicli reason they w'ere 
forced to liuvc a table publisluxl by die high-pnest, to inform 
them when die spring and other si^umiis liegaii. But Julius 
Csesar, as already mentioned, § 374,* taking this troublesome 
affair Into aiiisiileration, reformed the calendar, by making the 
year to consist of 365 days, 6 hours. ' 

377. The year dius settled, is what was used in _ ... 

^ ..w-n 1 • • I The ongiMU 

Britain till a. n. 17o2: but as it is somewhat more oftlieGref^o. 

dian 11 miniiU's lunger dian die solar tropical year, 
die time.s of die e({uinoxe6 go backward, and fall 
earlier by one day in about 130 years. In the time of the Ni- 
cene Council (a, d. 325), which was 1439 years ago, the ver¬ 
nal equinox fell on the 21s( of March: and if wc divide 1444 
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bylSO, it will quote 11, which the luiiuhor of (la\s the 
nox has fallen back sine.* the cuiincii of Nice. Thi> caiiung 
great disturbances, by unhxing the limes of the celebration of 
Baster, and consequently of ail the other moveable feasts, jxipi* 
Gregory the XIII, in the year 158i2, ordered ten days to Ik* at 
<mce struck out of that year; and the next day after the 4lh 
of October, was called the 15th. By this means the \ernai 
equinox was restored to the Slat of March; and it was endea- 
VfMired, by the omisdon of three intercalary days in 400 years, 
to make the civil or political year keep pace with the solar lor 
the time to eome. This new form of the year is caPed the 
Gregorian account,or New Style; which is recciseil in all coun¬ 
tries where the pope's authuri.y is acknowledged, and fuight to 
be received in all fdaccs where truth is regarded 
Moitftt. principal division of the year is into 

mondis, w'h^ch are of two sorts, namely. Astronomi¬ 
cal and Civil. Tha astronomical month is the time in which 
the Moon runs through the zodiac, and is either pcnod'cal or 
synodical. The periodical month is the time spent by the Moon 
in making mie complete rcvuludun from any ]ioint of tlie zo¬ 
diac to the same again; which is 27^ 7** 48'”. The synexheal 
month, called a lunation, is the time cemtained iKtv'ecn the 
Moon's peitii^ with the Sun at a conjunction, and letuming 
to him again; which is 29" 12" 44*”. The civil months an 
those whidh are framed for the uses of civil life; and are dif¬ 
ferent as to their names, number of days, and times of be|pn- 
mng, in several different countries. The first month of the 
Jewish year fell, according to the Moon, in our August and 
September, old style; the second in September and October; 
and so on. The first month of the Egyptian year began cm the 
29th of our August. The first memth of the Arabic and Turk¬ 
ish year began the 16th of July. The first month of the Gre¬ 
cian year fell, according to the Mexm, in June and July, llic scs 
cond in July and August, and so on, as in the following table.. 

379- A month is divided into four parts called weeks, and a 
week into seven parts called days; so that in a Julian year 
there are 13 sudi months, or 52 weeks, and one day over. The 
Gentiles gave the names of the Sun, Moon, and Planets, to 
the days bf the week. To the first, the name uf the Sun; to 
the second, of the Mcx>n; to the thilti, erf* Mars; to the fourth, 
of Mercury; to the fifth, of Jupiter; to the axth, of Venus; 
and,to the seventh, of Saturn. 
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380. A day is either natural or artificial. The 
natural day contains S4 hours; the artificial, the ^ 
time from sun-rise to sun-set. The natural day is either as. 
tronomical or civil. The a.stronomical day begins at noon, be¬ 
cause the increase and decrease of days terminated by the hori¬ 
zon are very unequal among diemselves; which inequality is 
likewise augmented by the inconstancy of the horizontal refrac-* 
tlons, § 186; and therefore tlic astronomer takes the meridian 
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for the limit ol’ diumal revolutions; reckoning noon, that is, 
tlie instant when the Sun’s centre is on the meridian, for the 
beginnincf of the day. The British, French, Dutch, Gennans, 
Spaniards, Portuguese, and Egyptians, lx>gin the civil day at 
midnight: the ancient (irecks, Jews Bohemians, Silesians, 
with the modem Italians, and Chincst*, liegiii it at sun-setting: 
and the ancient Babylonians, Persian^, Syrians, »ith the mo¬ 
dem Greeks, at sun-rising. 

Houn. *** vertain determinate part of the 

day, and is either equal or unequal. An equal hour 
is the 24th part of a mean qatural day, as shewn hv well regu- 
lated clucks and watches; but thesi* hours are iK»t quite equal, 
as measured b\ the n'tnnis of the Sun to the meridian, In'eause 
of the oliliquity erf' the ecliptic, and the Sun’s unc>qual motion 
in his orbit, 224^245. Unequal lioiir'* are those by whieh 
the arulicial day is di\ided into 12 |iiirt.s, and the night into as 


many. 


'\liiuitea,K- hour is divided int«» 00 equal parts ealUsl 

ooads, third*, minutes, a minute into 60 e<|ual |)arts ealli'tr .seconds, 
and irrupin. these agmn into 60 equal |)arts called thirds. 
The Jews, Chaldeans, and Arabians, divide the hour into 1080 
equal parts called scruples; which number contains 18 times 
60, so that one minute contains 18 scriqilc's, 

CyclMof the ^ }ierpt*tunl round, or circulation. 

Sun, Mom, of the Same parts of time of any stirt. I'lie cycle of 
and tndiction. ^ revolution t»f 28 > ears, in which time 

the days of the months return again to the same days of the 
week; the Sun’s place to the same signs and degrees of the 
ecliptic on the same months and da} s, so as not to differ one 
degree in 100 years; ami the leap-years begin the same eoiirsc 
over again w itli resjicct to the days of the w'cek on whieh the 
days erf’ the months fall. The cycle of the Mmin, coiiiiiionly 
colled the golden nuinlicr, i.s a revolution of 19 years; in w’hich 
time, the coiijunctionK, oppositions, and other aspects of the 
Moon, are within an hour and a half of lieing the same as they 
were on the same days of the months 19 years liefore. The 
iiidiction is a revolution of 15 years, used only by the Ro¬ 
mans for indicating the times of certain payments made by the 
subjects to the republic: it was established by Constantine, 
•A. D. 312. 
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384. 'J'lie year of our Saviour's Inrdi, aocc^cline ^ 
to the vulj^ar era, was the 9tli year of the solar yeanoftfaae 
cycle; the first year of the lunar cycle; and the 
312th \vuT after his hirth was tlie first year of the Roman in¬ 
diction. Therefore, to find the year of the solar cycle, add 9 
to any jp\en year of (’lirist, and divide the sum by 28, the 
({uotiont is ilio nunibor of cycles eln|)sed since his birth, and 
the reinuinder is tlu‘ cyc^e for the given year: if nodiing re¬ 
mains, the cvcle is 28. 'I'o find the lunar cycle, add 1 to the 
given year of (’lirist, and divide the sum by 19; the quotient 
is the tninibiti of c\cles elapsed in the interval, and the remain¬ 
der i>* the cycle for the given year: if nothing remains, the 
cycle is 19. Lastly, subtract 312 from the given y^ear of Christ, 
and diviilc the remainder by 15; and what remains ufler this 
division is the indiction for the given year: if nothing remains, 
th(‘ indiction is 1.?. 

SS."). Although the aliove deficiency in the lunar 
cycle of an hour and half every 19 years, be but ncncyofthe 
small, yet in lime it bcionies so sensible as to make 
a wliole natural day in .310 years. So that, although quence therc- 
llns eyele be of use*, when the golden iiumliers are 
rightly pliici'd against the days of the months in the calendar, 
us Ill onr coninioii jirayer-lxxiks, for finding the days of tlie 
me.ni eonjnnetions or op]X)sitions of the Sun and Moon, and 
ixinsecpieiilly the time of Easter; it will only serve for 310 
y Ciu s, old sty le. For, as the new and fidl moqps aiiticipite a 
day in that time, the golden nunilx'rs ought to be placed one 
da\ earlier in the calendar for the next 310 years to come. 
These'numbers were rightly placed against tlie days of new 
moon in the calendar by the council of Nice, a. d. 325 ; but 
the anticipation, wliieh has bc'en neglected ever since, is now 
grow 11 almost into 5 days; and therefore all the golden num- 
l)er.s ought now to be ])laccd 5 days higher in the calendar for 
the old style than they were at tJic time of the said council; or 
six days lower for the new style, because at present it differs 
11 days from the old. 

386. In the annexcKl tabic, the golden numbers How to find 
under the mouths stand against the days of new ‘^y 

__ I ulCi MCW lYlOOH 

iTKxni ill tlie left-hand column, for the new style; bjthegoUco 

adapted chiefly to the second year aflter leap-year, 

as being the nearest mean for all the four; and will serve till 
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the year 1000. * Thcrlfun% to find the day of new moon in 
any month of n given year till that timcy look for the golden 
number of that year under the denred month, and ngainat it, 
you have the day of new moon in the left-hand column. 


ll 4 I 


I I I I. I I ^ ^ ^ 


0 17 17 6 

6 14 14 3 11 

17 6 3 11 

6 14 14 3 10 

3 11 II 19 8 


3 19 16 5 

II 11 19 8 ^6 

19 8 8 16 5 5 13 

11 19 13 

19 8 8 16 16 3 13 S 


5 13 S 2 10 

16 5 10 

5 18 13 a 10 18 

S 10 18 18 7 



2 10 TO 18 

18 7 



Thus, suppose it were required to find the day of new moon in 
September 1757; the golden number fm: Uiat year is 10, which 
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1 look for under September, and right against it in the left- 
hand column I find 18, vhidi is the day of liew tno(xi in that 
month. * 

N. B. If all the golden numbers, except 17 and 6, were set 
one day lowmr in the table, it would serve from the beginning 
of the y^ 1900 till the end of the year 9199> The first table 
after this cluipter shews the gold^ number few 4000 years after 
the birth of Christ; by looking for the even hundr^ any 
given year at the left hand, and for the rest to make up that 
yesur at the head of tlio table; and where the columns meet, 
you have the golden number (which is the same both m the old 
and new stylo) jfhr the given year. Thus, suppose the golden 
number was wanted for the year 1757; 1 look for 1700 at the 
‘left hand of the talde, and for 57 at the top of it; then guiding 
my eye downward from 57 to overmgmnst 1700, I find 10, 
which is the golden nuinlier for that year. 

387. But because the lunar cyde of 19 years some- ^ 
tunes includes five leap-years, and at otlimr times uliteafi^ 
only four, this tabic will sometimes \ary a day from 
the truth in leap-years after February. And it b neunthoar, 
impossible to have one more correct, unless we ex- 
u>nd it to four times 19, or 76 years; in which there 
arc 19 leap-years without a remainder. But even then to have 
it of perpetual use, it must be adapted to the old style; because 
in every centurial year not divisible by 4, the rc^ar course 
ol leap-years is interrupted in the new; as will be the case in 
the year 1800. Therefore, upon the regular old style plhn, I 
have computed the following table of the mean times of all the 
new moons to the nearest hour for 76 years; be^nning with 
the year of Christ 1794, and ending with die year 1800. 

This table may be made perpetual, by deducting 6 hours 
from die time of new moon in any |^vmi year and month ftum 
1794 to 1800, in order to have the mean time of new moon in 
any year wd month 76 years afterwards; or d^duedug 19 
hours for 159 years; 18 hours for 998 years; and 94 ho/an 
fonr 804 years: because in that time die changes of the Moon 
anticipate almost a oomf^te naturd day. And if the like 
numb^ of hours be added Ibr so many years post, we shall 
have the mean time of any new m<»n already dapsed. Sup¬ 
poses for example, the mean time of change was required for 
January 1^P9, deduct 76 years, and ihm remains 1796, 

VOL. I. • . Tt 
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rtj^nst M'iiii'lu ill tho Ibihming table, under January, I find 
the time of new iiKKin was on tfio 21 bt day, at 11 in the even- 
tng: from which take 6 hours, and there remains the 31st day, 
at 5 in the evening, for the mean time <if change in Jnniutry 
180S. Or, if the time lie required for May, a. n. 1701, add 
76 years, and it makes 1777, which I look for in the table, and 
against it under hiay, 1 find that the new moon in that year falls 
on the 35th day, at 9 in the evening; to which add 6 hours, aiul 
it gi^es the 36th day, at 6 in the morning, for the time t>f' iu‘w 
moon in May, a. w. 1701. By this aildition for time j>ast, <»r 
suhtraetion for time to f^inie, the table will not \arv 34 hours 
from the iruili in less than 14,592 years. And if, instead of 6 
hours for estTv 76 years, we add or subtract only 5 hours 53 
minuU's, it will imt vary a day in 10 millions of years. 

* AlUiough this table is fialciilated lor 76 years only, and ue* 
cording to the old style, )et means of tno easy is[uations, it 
nuiy lie made to ansa it as exactly to the new style, for any 
time to come. Thus, iKsmist* the year 1734 in tins table istiu 
first year of the cycle for which it is made; if, fiom any year of 
Christ after 1800, )mi subtract 1721$, and divid<> Uie tiveqilus by 
76, tlie quotient will shew' how iiiany eiitin* eyedes of 76 years 
are elapsed since the iH'ginning of the cycle here provided for; 
and the renialmier will shew the year of the current cu‘K‘ 
an.swering to the given year of Christ. Hence, if the nsnunider 
be 0, you must, instead thereof, put 76» and h'ssen the (pio. 
ti'ent by unity. 

Then, look in the left-hand column of the table foi the iium. 
ber in your remainder, and against it you will find the times of 
all the mean new moons in that year of the prcM'iit I'yele. And 
whereas, in 76 Julian years, the Moon nnlicipnies 5 hours 53 
minutes, if therefore these 5 hours 52 minutes be multiplied by 
the abovo-found quotient; that is, by the ininilK*r of entire 
cycles past; the product subtracted from the times in the table 
wOl leave the corrected times of the new moons to the old st} le; 
which may be reduced to the new style thus 

Divide the numlwr of entire hundreds in Uic given year of 
Christ by 4, multqily this quotient by 3, to the pnaluct add 
the remainder, and from their sum subtract 3: tliis last re¬ 
mainder denotes the number of days to be added to the times 
above corrected, in order to reduce them to the new style. The 
reason of this is, that eveiy 400 years of the new rtyle gains 3 



I H. XXt. 


OF THF ntVISlOK OF TIME. 


323 

days upon the old style; one of whicli it gains in each of the 
centurbd yean sucoe^ng Chat which » exactly diviable by 4 
mthout a renuunder; but then, when you have found tlw days 
*>0 gained, 2 must lx* subtracted from their number, on account 
of the rectifications made in the calendar fay thecoundl of Nice, 
and fuaee by Po))e Gregory. It must also be observed, that 
the additional days found as abos'e directed, do not take place 
in the centutial years which are not multiples of 4 till Febru«y 
i29th, old style, for on that day Ixigins the d'^errace between 
the styles; till ahich^day, tlierofore, those that were added in 
the preceding years must be used. The following example will 
make this accommodation plain. 


Htfutred tie mean time JVi» Moon in June, A. n. 1909, X. 8. 


From 1909 take 1723 yean, and there remuni...'.. 186 

Which dmded b} 76, ipvca the quotient 3, and the xo- 

mainder... 34 

Then, against 3t in the Tatde ii Jun&.. 5^ S'* 0" aftemoon 

And tV‘ 32™ niultijdicd by 2, make to be subtracted.. 11'^ 44™ 

ItemauiB the’mnui time, aiconbng to the old Ktyle, June... 5* 9^ 16™ 

1'nure hundreds in 1909 are 19, whidi divide by 4, quotes 4 

\nd leaves a remainder of.... 3 ^ 

niiich quotient multi^icd jliy 3, makes 12, and the ie> 

niamder added, makea.. IS 

From wlitdi subtract 2, and there remains.. IS 

Which number of days added to the above tunc, old style, 
giTia June.,.... 18^ 9^ 18™ mom. x. s. 


So thv mean time of new moon in June 1909, new style, is 
the 18th day, at 10 minutes past 9 in the menning. 

If 11 days be added to the time of any new moon in this 
table, it will give the time tliereof, according to the new style, 
till the year 1800. And, if 14 days 18 hours 2St minutes, be 
added to the mean time of new moon in either style, it will give 
the mean time of the next full moon, according to tljat style. 
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A TaMe shewing ike Timn ^ ail ike mean Ckangu ^ the Moen, 
lo the neareei Boar, through Jimr Lunar Pmorir, or 76 Years. 
M signifies Mommgf a Afurtuua. 
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A Table ^ the mean Kew Moon*, 
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A TaUt ^ nuean Sew Moons conctuded. 



The year 1800 begins a new Cycle. 
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A Table of tncan Nem Moons conclude 
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, OtSS. 'I 111* Cycle of Easter, atsi> colled the Dionysian Period, 
is a revolution of 5$^ years, found by multiplying tlie solar 
EMtBTcyde cycle 28 by the lunar cycle 19- If tlie new moons 
ddicknt. ,n,| amifiiwte upon this cycle, I'hister-doy would 

always be the Sunday ne\t after the first full moon which fol¬ 
lows the Slst of l^fareh. But, on account of the above yyitici- 
pation, § 422, to which no proper regard was paid before the 
late alteration of tlie sty le, the KccleMOstic Eaater has se^ oral 
times been a week different from the true Easter within this 
last contiirv. This incoiiveiiience is now remedied by making 
the table, which useil Ui find Easter for ever, in the cnmiiion 
prayer book, of no longer use than the lunar difftTenco from the 
new style will admit of. 

Naniber<^ 'I'be earliest Eavter possible, is the 22d of 

tlinctiuii. March, the latest the 25ih of Apnl. Within tlie*^* 
limits are 3o days, and the number belonging to eac’h of them, 
is called the number of direction; becausi. therebv the time of 
Easter is found for any given year. To b'ld the number of 
direction, according to the new style, enter 'J'ublc at the end 
of tliis chapter, with the complete hundreds of any gi\en year 
at the top, and tlie years thereof (if any ) below an humireii, at 
the left hand; and where the columns meet, the dominical 
letter for the gi\en year. Then enter Table 1, with the com¬ 
plete hundreds of the same year at Uie ki\ hand, and the year» 
below an hundred, at the tup; and where tlie columns meet, i.s 
tlie gulden number for the same year. Lastly, enter Table 11, 
with the dununical letter at the lefl hand, and golden number 
at the top; and where die columns meet, is the number of di¬ 
rection for dial year; which iiumlier, added to die Slst day of 
Mai-ch, shews tm what day either of March oi* April Easter 
Sunday falls in that year. Thus the dominical letter, new 
style, for theyrar 1767, is B (Table V.) and the gulden number 
is lO, (Table 1), by which, in Table 11, the nuinbcT of direc- 
To Snd the tioii is found to be 20; which, reckoning from the 
toie Enter. of March, ends on the 10th of April, that is 
Easter Sunday, in the year 1767.^ 

N. B. There ore always two dcaninical letters to the leap- 
year, the first of which tdkc‘s place to the 24fdiof February, the 
last for the following pari td' die year. 

* A lies uod latftlliUe luethad of finding Enter, widumt euy teferenee le the 
1 .ner motions, dncovrfdl by M Genes, will be found id the EtitKSCnaa Em- 
<■ t vi.i.ov«iiTA. Art. L'MeoscLoav. nd. vi. n. 411. 412..—Ed. 
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390. Tlie first neven letters of the alphabet aro commonly 
placed in the annual almanacks, to &hew on what days of the 
week the da}s of the months fail throughout the year. And 
liecaiim* one <if those seven letterh must necessarily DominicMi 
stand against Sunday, it is printed in a capital form, ***•**■* 
and^called the doininicnl letter: the other six being inserted in 
small characters, to denote the other .six days of the week. 
Non, since a common Julian jear contains 363 days, if this 
numlier Ik* disided by 7 (the miinher of days in a wec‘k), there 
mil remain one da). Il'there hail been no remainder, it is 
plain the }t*ar would constantly begin on the same day ol' the 
yyeek But sinc'e 1 remains, it ii as plain that theyetir inu&t 
begin and end on the same tlay of the n eek ; and therefore the 
next year vkill Ingin on the day following. Hence, when Ja- 
mi.iry begins on Simrlay, A is the dominical or Sunday letter 
for tii.it year * then, lK*causc the next ^ear begins on Monday, 
the Sunday y\ill fall on the seyeiith day, to which is annexed 
the si'yeiitli letter ft, yyhicli therefore will be the dominical let¬ 
ter for all that y ear * and ah tlie third year will be^n on Tues¬ 
day, tiu* Siiiida} will fall on the hixUi day; therefore F will be 
the Sunday letter for that year Whence it is evident, that 
the Sunday letters will go amiually in a retrograde order thus; 
f/, FyJCn Z>, (\ lit A. And in the cfuirse of seven }ears», if 
they Wire ail common ones, the same days of the week, and 
dominical letters, would return to the hame days of the iiioitths. 
But because there are 366 dajs in a leap-} car, if this numlier 
be diyided b} 7, there will remain two days oyer and above the 
52 ^eeks of which the }ear consists. And therefore, if the 
leap-}car begins on Sunday, it will end on Monday; and the 
next year will begin on Tuesda}, the first Sunday whertsifmust 
fdt on tile sixth of Jaiiuarv, to which is annexed the Utter F, 
and not 6r, as in common years. By this means, the leap-year 
returning every fourth year, the order of the dominical letters 
is interrupted, and the series cannot return to its first state till 
after four times seven, or years; and then the same days of 
the months retuni in order to the same days of tlie week as 
before. 

891. To fnd Ike Dominical letter Jbr any ycar^ 
tUher before or q/ier the ChriHian era. In Table dominiodlct- 
HI, or IV, for old style, or V, for new style, look 
for the huiulreds of years at the head of the table, and for the 
years below ah hundred (to make up the given year), at thf 
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icflhanci; and when* the cxiiuniiih nuvt, you have the doiiiu 
iiical letter for the ^ear itehin'd. Thii", Mip|)osi* tiu* duiiu- 
itieol letter be rixpiired for the veiir of C'liiuiil ne^v style, 

I look fur 1700 at the head of Table \ , and for «7S at the left 
hand of the same table; and in the an|;le of nnvtiti^, I flntl 
which is the dominical letter for tliat year. If it was wt^tinj;; 
ibr the luiine >ear old style, it w'oidd Ih* found b\ Table IV, Ut 
1 h' Ti. But to find the doinuiical letter for any j^iveii year 
before Christ, suhtrai't one fi'oin that vear, and then jiroceod in 
all res]>e(‘ts ns just now taught, to find it hv Table III. Thus, 
supiiose the dominical letter Iv riH|uircii for the .lS.>th vear 
l,t‘fore the first year of (’hrist, look for 5fK) at thehcs'id ol‘'l’;d)],, 
III, and for HI at the left lutiid ; in the luetliiig nf these ii> 
himns is F E, wrhich weri* the doinuiical letters for thai ve,ir, 
and shews that it was a leup-vear, because leap-vetir h.is al- 
wa}s tiro dominical letters. 

To find the / to 

d^ys of the am/(lay of iht rivcl’, o; the doy of ilu' a*,/, onswa 
iiiontli*. in^ioantfduyofHu mmth^Jb) ttuy yuo yrnf of to 
come. Having found the tloiiiinual letter for the gisen m.u, 
enter Table VI, with the dominical letter at the head; and 
under it, all the days in that column are Suiuiav s, in the di\ 
sions of the niuntiis; the next column to tlie right lumd art* 
Mondays; the next Tuesdays; and so on to the last csilumn 
iinfleri?; from which go biu’k t<i the coluinn under .1, and 
thence proanxl towards the right hand as Iwfore. 'riius, in the 
year 1757, the dominical letter, new style, is li, in Talile \ , 
then in Table VI, all the da^s under li are Sundays in tiiat 
>ear, vi/.. the 3d, 9th, 16th, 33tl, and 30th, of January and 
bctolicr; the 6th, 18th, 30tli, and 27th of February, iVIarch, 
and November; the .'Id, 10th, mid 17tii of April mid July, to« 
gether with the 31st of July; and m on to the Hn)! of the (‘o- 
lunin. Then, of exmrse, all the days under C ou Monday s, 
namely, the 3d, 10th, &c. of January and Oetolier; mid so of 
all the rest in that column. If the clay of the week miMwering 
to any day of the inontli be requiixd, it is easily iiad from the 
same table by the letter that stands at the top of the column in 
whidi the given day of the month is found. Thus, the letter 
that stands over the 28th of May is A; nutl in the year 
before Christ, tlic donitiiical Icttyis were found to lie F A', § 
301 ; whieh liciiig a leap-yt'ar, and A’ taking place fnnn the 
21 til of rtbriutry to the eiid'of that year, slicws by the table 
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Uiat the 25th of May was on a Sunday; and therefore the 28tU 
naubl have been on a Wednesday; for when JE stands for Sun¬ 
day, F must stand for Monthly, G for Tuesday, &c. Hence, 
as it is smd that the famous eclipse of tHe Sun foretold by 
Thidcs, by whicii a [leace was brought about between the 
]Mh(|es and Lydians, liapiwucd on the S8th of May, in the 
585th yew befort* Chnst, it fell on a Wedne^ay 

393. From tlie multiplication of the solar cycle of juiUm pe- 
28 years, inl<» the lunar cycle of 19 years, and the 

Roman indiction of 15 yean., arist**; the groat Julian {jericxl, 

consisting of 7980 years, which had its )x»ginning 764 years 

before Strauchius’s supposed year of the creation (for no later 

could oil the three *c\cles begin together), and it is not yet 

completed : and therefore it includes all other cycles, jieriods, 

and cras^ There is but one year in the whole jicriod that ha^ 

the same numliers. tor the three cycles of which it is made up : 

and therefore, il‘ historians had remarked in their WTitings the 

cycles of each }e.ir, there hml lK*en no dispute about the time 

of an\ action recorded bv them. 

» • 

394, The Damysian, or vulgar era of Christ's 

birth, was aUmt the end of the year of the Julian year of this 
pcritxl -1713; and consequently the first year of his 
age, according to tliat account, was the 4714th year of the said 
period. Therefore, if to (he current )ear of Christ we atld 
4713, the sum will be the year of the Julian |)eriod. So the 
year 1757 will be found to be the 6470lh year of that jieriotl. 
Or, to find the year of the Julian period answering to any given 
year Iwforc the first year of Christ, subtract tlie nunilK*rof that 
giien year from 4714, and the remainder will be the year of 
the Julian period. Thus, the year 585 before the first yew of 
Christ (which wa.s the 584th before his birth), w'as the 4129th 
^ear of the said period. Lastly, to find the cycles of the Sun, 
Mooh, and indiction, for any given year of this period, divide 
the given year by 28, 19, and IS; the thice re- 
mainders will be the cycles sought, and the quo- detvftliBt 
tients tlie numbers of cydes run since the beginnin]^ 
of the period. So in the above 471*Jlli year of the Julian pe¬ 
riod, the cycle of the Sun was 10, the cycle of the Moon 2, 
and the cycle of indiction 4; the solar cycle having run through 
168 courses, the lunar 248, and the indiction 314. 
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tlie tme m vulgar cm of t 'hriM\ l»irUi was iicTcr 

of Christ*! ‘ sett]t>d till the year 527, when Dionysius Kxiguus, a 
Homan abbot, fixed it tollte end of tlic 4713th year 
of the Julian period, which was four years U)o late. For our 
SaviouF was liorn before the death of Herod, who sought to kill 
him as soon a^ he heard of his birth. And, according tcKhe 
testimony of Josc>phus (R. xvii, rh. 8)^ there was an eclipse of 
the Moon in the time of lIerod\s last illnt*»s; which eclipse aj)- 
]X'ars, by our astronoinical tables, to have lieeu in the year of 
the Julian period 4710, IMorch liith, at 3 hours jiast midnight, 
at Jerusalem. Now, as our Saviour must have Ixvn horn some 
months Ixfore llerutrs death, since in the interval he was ear. 
ried into Egypt, the late.st time in which we can fix the true 
f‘ra of bis birth, is about the end of the 4709th year of the Ju¬ 
lian ]x.Ti(xi. ^ 

There is u remarkable prophecy deiirered to us in the iimth 
chajiiter of the tinok of Jlanici, which, from a aTtain e|KX’h, 
fixes the time <»f restoring tlie slate of the Jews an«l of' buikling 
the walls of Jerusalem, the coming of the Hessiuh, his death, 
and the destruction of Jerusalem, lint some pans of this pro¬ 
phecy (\W. 25), art> so ^ltjlldiciou^ly pointcsl in our English 
translation of the luble, tliat, if thi‘y Ik* roiul according to those 
sto])s of panting, tlu'V are (piite unintelligible. Rut the learned 
Dr. Prideaux, by altering these stojis, makes tlie sense very 
plain: and as he seems to me to have explained Uie whole of 
it lx*tter than any other author I have read on the subject, 1 
shall set down t}|c whole of the prophecy aoconiiiig as he has 
piintod it, to shew in what manner he has divided it into four 
difierent jiarls. 

IVr. S4. ‘ Seventy weeks are determined upon thy people, 
< and upon thy holy city, to finish the traiuigressi<m, and to 

* make an end of sins, and to make reconciliation fur iniqiuty, 

* and to bring in everlasting ri^teousnc«<s, and to seal up t^ 

* vision, and the projihecy, and to anoint the most holy. Ver. 

* 25. Know therefore and understand, that from the going 

* forth of the command mrat to restore and build Jerusalem 

* unto the Mehriali^ the prince shall be seven weeks and three- 

* KOW and two weeks, street shall be built ag^ and the 

* wall even in troublous times. Ver. 26. And after threesoore 

* and two weeks shall Mesriah be cut off, but not for htnuelf,’ 
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‘ and the people of the prince that shall oome, shall destroy 

* the city and sanctuaiy, and the end thereof idiall be with a 

* 3ocm 1, and unto the end of the war desolations are determined. 

* Vtr. 27. And he shall ronturm the ensenant with many for 
‘ one wc?ek, and in the midst* of the week he shall cause the 
‘ »»yiiice aTwl the oblation to eisise, and for the oversprcadra|r 
‘ of alximinations he Alyll make it desolate csen until the con- 

* summation, and that deteriniiK^d shall lie poured upon the 

* desolate.' 

This commandment was ^\en to Kara by Artaxerves Lon- 
pmanus, in the seventh year of that kind's reign (Ezra, eh. Mi, 
ler Kara began the work, whith aas ailcrward<» 

aeconiplishiil by Neheniiah; in vliieli they met with great op- 
lamition and tronlile from the Samaritans and others, during the 
first se\fn aetks, or 49 _>ears. 

From this aeroniplishment, till the time nlien Christ's mes¬ 
senger, John tlie Baptist, began to prc^ach the kingdom of the 
Messiah, 02 neeks «r 434 years. 

Prom tlieiiee, to the iH'ginning of Christ's public ministry, 
half a wet*k, or 3] years. 

And from thence to the death of Chri.st, half a week, or d| 
years; in which half aeek he preached, and confirmed the 
covenant of the gosjx*! with many 

In all, from the gmng forth of the commandment till the 
death of Christ, 70 weeks -*90 years. 

And, lastly, in a very striking manner, tlie prophecy fbretels 
what should come to pass aBer the expiration of the sevenfy 
wec'ks; namely, the destruction of the city and sanctuary by 
the people of the prince that iias to come; which were the 
Roman armies, under the command of Titus thrir prince, a ho 
came upon Jerusalem as a torrent, with their idolatrous images, 
which were an abomination to the Jews, and under which they 
marched against tbeni, invaded their huid, and besieged thrir 
holy city, and by a calamitous war brought such utter destruc- 
turn upon both, that the Jews have never been able to recover 
themselves, even to this day. 

Now, both by the undoubted canon of Ptolemy, and die fa- 
inuus era of Nabonassar, the beginiwg of the seventh year of 

1 TIm Doctor Myi, that tbii ooglH to bt miteod, tbe half part of the vedc, not 
ihcmidaL. . 
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«>t‘ Artixpjrxe& Ijui^manus, king of Pmia (who if 

eallcil Ahafuerus in the book of Kstlier), is pinned liown to the 

4i2oCth year t»f the Julian p(‘ruKi, in wliicli year he gave Earn 

the atx>ve*inentioned amjile coinmitision: from whieli count 490 

vears to tlie death of Christ, and it m ill carry the same to the 
• » 

4740th year of the Julian period. 

Our Saturday is the Jewish Sabbat|} f and it is plain, from 
St. Mark, eh. xv, ver. 42, and St. I.uke, ch. xxiii, ver. 54, 
that Chrik was erucifieil on a Friday, scinng the crucitivioii 
was on the day next hefoa* the Jewish Sabbath. And, accord- 
ing to St. John, ch. xviii, ver. 28, on the day that the pa.ssuver 
was to Ik* eaten, at ‘lea^t by niaiiy of the Jewh. 

The Jews reckoned their montlis by ttie Mtain, and their 
years by the apjiareiit revolution of the ^Suii: and they eat the 
])a.ssover on the 14th flay of the month f>f S'isan, wliich wiis the 
hrst month of their year, reckoning fnnn the first appearance of 
the new moon, whi(4i at that Ume of the year might Ik* on tlie 
evening of the day next after the change, if the sky was elear. 
So tliat th«r 14th day of the month answers to our 15th day 
f>f die Moon, cm which she is full. ('onsecpiently, the {tasstner 
was always kept on the day of full M<xm. 

And the full Moon at which it was kept, w'a.s that one which 
hofipcned next after the Tcmal equinox. For Jasephus ex- 
pressly says (Antiq. 1). iii, eh. 10), * The passover was kept 
* on die 14th day of the mondi of Niaan, according to the 
^ Moon, when the Sun was in Aries.' And die Sun alwo^-s 
enters Aries at the instant of the vernal equinox; which, in our 
Saviour's time, fdl on the 22d day of March. 

The dis|mte among chronologers about the year of ('hrist's 
death, is limited to four or five years at most But, as we have 
shewn that he wras crudfied on the day of a pascal full mexm, 
and on a Friday, all that wc have to do, in order to ascertain 
the year of hU death, is cnly to compute in which of those 
years there was a paamver fuU Morni on a Friday. For, the 
full Moons anticipate eleven days every year (12 lunar mondis 
being so much short of a aolar year), and therefore, once iq 
every three years at least, the Jews were obliged to jKt dieir 
passover a whole month ftfwarder dian it fell by the course of 
the Moon, on the year next before, in order to keep it at die 
.full Moon next after the equinox; dierefote, there could not be‘ 
two passovers on tho Home nominal day of the week, within the 
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coiiipuhR ol' a few iieigiitNiuriiifi' ^earh. And I find by ealcu- 
lalion, tile only {la^u)ver full Moon that fell on a Friday, for 
several years liefure or aftesr the disputed year of the cruci¬ 
fixion, was on the 3d day of April, in the 4746th year of the 
•fiiliau pt'riod, which Has the 490th year after Ezra received 
the‘''|K)%e-nientioned eoininissioii from Artaxerxes Longimanue, 
.lecording to Pt<»leiny's eiuioD, and the year in wliicli tlie Me»- 
siali \\ as to be cut oft*, iie(-t)rding to the ]m>phery, reckoning 
from the going forth of that eoinmihsion or commandment: and 
this 4iKHh \ear was the iJikI yar of our Saviour's age, reckon- 
iiig from the \iilgar era of his birth ; but the 37th, Rckoniiig 
fnun the true era thereof. 

And, uhiii we reflect on what the Jews told him, some time 
lxior<* his death (John viii, 57), “ Thou ai*t not yet fifty 
“ years old," we nm.st confess, that it should seem much likelier 
to ha\ 1kh‘U said to a ]H‘rson near forty, than to one but just 
turned of tliirty. And wc may easily suppose, that St. Luke 
e\press^'d liiniscif only in nnind numbers, when be said that 
('hrist was bapt i/isl aixmt the dOtli year of his age, when be 
began his public ministry ; as our Saviour himself did, when 
he said he sluaild lie three days and three nights in the 
gra\e. 

^'he 47‘t6th year of the Julian period, which we have asti'o- 
nomicully proved to U' the year of the crucifixion, was the 4th 
year of the 303d 01ym})ind; in which year, Phlegon, a heathen 
writer, tells us, there was the most extraordinary eclipse of tlie 
Sun that ever w’us seen. But 1 find by calculation, tliat thwe 
<‘oui(},be no total (*cU])Si‘ of the Sun at Jerusalem, in a natural 
way in that year. So that what Phlcgcm here calls an eclip.se 
of the Sun, seems to luive been the great dai'kness for three 
hours at the time of our Saviour's eruedfixiou, as mentioned by 
the evangelj.sts: a darkness altogcithcr supernatural, as the 
Moon Wits then in the side of the heavens opposite to the Sun; 
and thercfiirc could nut ixissibly darkeu the Sun to any part of 
the Earth. 

896. As tliere are certain fixed points in the henvens firum 
which astronomer's begin their computations, so tliere are certain 
{loints of time from which historians hfigin to ra'kun; and these 
]X}int8, or roots of time, are called eras or epochs.' ,The most 
remarkable eras are those of the creation, the Greek Olympiads, 
the buildjiig of Rome, the era of Nabonassar, the death of 
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Alexander, the birth oi Thrist, the Arahiaii Hegira, and tlie 
Persian Yesde^l: all whieh, together with fteveral others of 
less note, have their beginnings in the following table 6xed to 
the years of the Julian period, to the age of the world at thoM* 
times, and to tlie years Iwfore and after tlie year of ('lirist's 
birth. 

A Table of remarkeMc jFJraa awl Events.* 


Julian I) . nt thi nf'lotr 
imiml. uurkl. I 

The creation of till* world..... 7^0 0 -1007 

The delimie, or Noac'a flood. ICrdi 

3. The Ahuvrian monarchy founded by Niturod. ^*>37 IK31 

4. The birth of Abraham.i 271 * 2W»8 IJMKI 

A. The dealruction of KiMloni and (.toiiiorrah..... 2814* 2110 J0P7 

a. The bq^nnini; ot' tlie kingdinn of Athens by i'cimpi,., 3157 2451 155<» 

7. Mosn recrivea the ten cominondmepta. 3322 Sold 1401 

B. The entnuice of the laraelitiit into Canaan. 32(12 35511 ]4.'il 

9. The A qpmautic expedition. 3450 2741 1203 

10. 'Fhe dcatrurtioii of Troy. 3520 2H23 11«4 

1 i. The beginning of King David's reign. 3(150 2041 10(i3 

13. The fuundaUun of Solouion’<i temple.. 3701 2005 1012 

13. Lycurg'ia flimu his excellent laws». 3020 3103 80! 

14. Arbaces. the flmt king of the Medea.' 3830 ' :ii:i2 

lA. Mandaurus, the aecund.... 38 (m j 3150 4'10 

16. Soearmus, the third. 3015 3200 700 

17 . The beginning of the Olympiads..... 3030 | 3232 775 

18. Atflca, the fourth king of the Medes.. 3045 3230 760 

lO. The Catonian epocha of the building of Ketaie. 3061 ■ 325.5 7^2 

20. The era of Xabonasaar. 3067 3261 7‘l(i 

21. The destruction of Saouma by Salmaucser.... 3002 3206 731 

22. 'Fhe first cclipoe of the moon on RCord.... 3003 ■ 3207 700 

2.3. Caidicca, the fifth Uog of tlie Medes.. 3006 • 3200 717 

24. Phraortes, the sixth... 40.50 33.52 (155 

24^ Cyaxares, t^ seventh.. 4080 ] 3374 633 

26. The first Bahykmidi captivity by Nelnidiadnemr. 410? i 3401 (iOG 

27 . The long war mded between the Medes and I.ydtans... 4111 j 3405 602 

20. The second Babylonidt captivity, and birth of Cynis... 4111 3400 500 

20. The deatruction of Solqmen's temple.. ' 4125 3410 588 

30. Nebuchadnexzar struck with madness.. ' 4144 3430 A60 

31. Daniel's ii«on of the fonr monarchies. '4168 8452 MU 

32. Cyras b^pns to reign in the Pcesian empire.. 4177 3471 630 

33. The battle of Marathon.. 4223 :15I 7- 400 

34* Arttxerces liOnginiani's begins to xelgn. 4240 3643 464 

3.5. nrhe beginning of Daiuel's 70 weeks ttf yeara. 4256 3650 467 

38. The beginning of tlie relopoDDcaian war... 4282 3676 431 

37 . Alexander's victoiy at Arbela.. 4383 3077 330 

38. HU death.. 4.100 36t»4 323 

39 . The capiiviQr of 100,000 Jews by King Ptolemy.. 4303 3887 320 

40. The Coloeeue of Rliodet thrown down an cart^uake. 4401 3076 222 

41. Antiudrae defeated by Ptolemy Philopater. 4406 3700 217 

42. I'he fiunoov Archimedes murdered at Syracuse..... 4608 3800 20? 

43 . Jason butchers die lahabitante of Jeniaaiem.... 4648 3837 17(1 

44. Corinth plundered and burnt ihy Consul Mummius. 4667 3861 146 


• A very coptoos Chronoki^eal Table, down to 1813, and containing many lo- 
piri not befbre introduced into taUei of dial kind, willbe Ibund in the EoiMBUxaii 
Evcyclopadia, Art. CnaoiroiooY, voL vt, p. 4I7«^61.—^ 
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l.V .lulius fj-sir in\4ilt*‘> Jiritun. 

Di. Ill- rormis Uit caK-iidai. 

17- I*» lillttl in tin- si>n.itr.|ii>u t. 

4«{. I [fnid Iliad' ki i ; ot ,luilc.i. 

I'i. Ai'thoii^ til fi .lied nt tin- Iwt U ot Auiiiin. 

d. Acrifipi liiiiUh till I’liiiliion at 1 {om c. 

M.-jl he u-iic cn it (.'Ill 1 st\ birth. 
iiJ. ’I'til iliaUi 111 llcniil. 


• Ilk. 

il I. 

m 

->/ 

'i'l. 

f<0. 

(It. 

f.i. 

(a 


Till liitm\MAn, nr tiil^ur era ot Christ's birth. 

'I’lit. trill tear ot his ituiiliMoii. 

The dt-striirfion of .KtiisaUin. 

Adrian htiilils tin loii"' a ,1] in llnuuii. 

t iiiistiintius dif t(a Uit I'lils 111 Iliitaiu. 

'1 il' ioi.i'iil oi Ntu-.. 

'I'hi il<.ith ot tViiistuiUut the (in-jt .. .. 

'J’liL Saxons invited ii.tu ISntaiii. 

Till Arabun Ki^iio.. 

I'lic death of Afaliniiinicd, the pati-iiikd pnnihct. 

Thcl'iruaii Vitdt)>ird. 

The Sun, Moon, and all the planets in Inhra, Sept. 11,1 

ai M-i.li from the JIarth. 

The art of prinuiu; dis(iui.riil... 

The rcfomiatioti b-gun by Martin Luthtr. 


Itlluil 

V.ollhi 

Hi loll 


Klili 1. 

1 lill t 

4Gri<) 

rtftf. 

.’ll 

4«77 


k; 

11.71 


42 

4(:7:t 

:{'ih7 

4a 

4bb:i 

:ia77 

;«», 

1 4a»n 

:mj 

25 

i7a'» 

400.1 

4 

17 la 

1004 

.{ 

\f<* 

11-1 1 

l7l-( 

I'Mty 

0 

t;ir. 

1010 

:>.'t 

17.. 1 

t‘)77 

70 

1.' >.{ 


120 

•jiii-i 

l.'M.l 


,1 1 lit 

i.rid 

.{.*1 

.O.'d) 

1.144 . 

'.'.'17 

.il.'Wi 

11.'.2 

Ji:* 

a.'t.'i.'i 

4»2» 

02* 

."..'ua 

iri.t7 

t.'ta 

.V141 

4U38 

(•.n 


.MO.I 

IIRO 

ni.vt 

.'•1(7 

1410 

(i2ai> 

.‘i.i?4 

i.’ii7 


In (ivin^ llto y*ar of the creation to the TOGtk 
year oi the fluiiun in-rlod, which wsih the tOOTlIi world un- 
year lx*lore the 3 ear of Christ's hriTh, I have fol- 
Itmt-tl ^fr. Ih'dforil in hib Seripiure Chronology, printed a. d. 
17a0, and IVIr. K eiint*dy, in a yrork of the same kind, printed 
A. D. IMr. Bedford lako.s it only for granted that the 

world was created at the time of the aiituninul etjuinox ; but 
Mr. Kennedy affirms, that the said equinox na-s at the noon 
i»f the fourth day of the crcation-ireek, and that tlic Moon was 
then ‘.^4 hours jtasl her opjiobilion to the Sun.—If Mosebhod 
told us the sanie things, we ssliould have had sufficient data for 
fixing the era of the cTcalion; but, as he has been bilent on 
thes(‘)x>ints, we must consider the Iwst account!* of cluonolo- 
gt'rs as eulirciy liyjiothetical and uncertain. 


voi. I. 
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TABkES OF THE GOLDEN NUMBER, &C. 


CH. XXI. 


Tjaftle I. SheiHttg the Golden Kumhet {which m the same both in 
the Old and New Ht^leJ J'rom the ChrisHan F.ta to a. u, .SHOO. 



Table IL Shewing the Number ttf Direction for fading Easter Sun- 
dot/ bjf the Golden Number and Dominical JLeitet. 
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TJVBLr OP THE OOMIVICA.!. letter. 


339 


Table ///. Shen'in" ihe Dmnimcal I setter ^ Old Sljfle, for 4200 
Years before ihe ('lirisfian Era. 





























































340 TAin.l OF THE HOMlXrCAL I.FTThR. (’H. XXL 


TafiU' 1J\ Shewing the Jhminical Lcf/er, Old Sfj/lc. fUr 4L'0O 
} ca/v ajtn' the C/tris!iaii /.’# a. 
































































i.n. XXL 


TABLL OF THE DOMIKICAL LETTEB. 


m 


Tuft/v V. The Ihmnkttt JMter, New Stifle, for 4000 Years after 

the Christian Era. 
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TABLES OF TIME. 


cn. Txr. 


Talk VL Shereing the Da^s of the Months for both Stifles, htf the 

Dominical Letter, 


Week Dayy. 

A 

B 

C 

D 

r. 

r 

* 

0t 

January, 31, 
Octol>t*r, 31, 

1 

8 

15 

2:2 

20 

2 

9 

10 

23 

30 

3 

10 

17 

21 

31 

4 

11 

18 

2.'} 

5 

12 

19 

2() 

6 

13 

20 

''' 

i 

1 1 
21 
28 

.1 

8 

15 

22 

29 

o 

em 

9 

16 

23 

30 

n ] 1 1 

February, 28-129, 
March, 31, 
November, 30, 

o 

12 

19 

20 

0 

13 

20 

27 

i 

14 

21 

28 

10 

17 

21 

31 

1 

11 

18 

25 

1 

8 

15 

22 

29 

• 

April, 30, 

July, 30, 

2 

9 

16 

23 

30 

3 

10 

17 

24 

31 

1 

11 

18 

25 

5 

12 

19 

20 

(i 

13 

20 

27 

1 

14 

21 

28 

1 

8 

15 

22 

29 

Q 

IV 

9 

16 

23 

30 

3 

10 

17 

24 

31 

4 

11 

18 

25 

5 

12 

19 

26 

August, 31, 

6 

13 

20 

27 

7 

14 

21 

28 

1 

8 

15 

22 

29 

2 

9 

16 

2.3 

no 

September, 30, 
December, 31, 

3 

10 

17 

24 

31 

4 

11 

18 

25 

5 

12 

19 

26 

6 

13 

20 

27 

7 

14 

21 

28 

1 

8 

15 

22 

29 

2 

9 

16 

2.3 

30 

3 

10 

17 

21 

31 

4 

11 

18 

25 

5 

12 

19 

26 

6 

13 

20 

27 

May, 31, 

7 

14 

21 

28 

1 

8 

15 

22 

29 

2 

9 

16 

23 

30 

3 

10 

17 

24 

June, 30, 

4 

11 

18 

25 

5 

12 

19 

26 

6 

13 

20 

27 

7 

14 

21 

28 
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T/it, ftjir to the Articles, 


A 


At ert TRATiov of the Stars, 221. Of tlie Moon, 1C3, note. 

Kh.it, 18.1, nofr. 

I»» tat purall'u. of the stars, l!8i. 

,tnnmaty. what, 2^'). 

jtiunnt , tlieir Mijierstiuou!. notions of eclipseti, 8.9. Their method of duidjpg tit 
MHhde, 8ttl. 

.dni'yWfs. tthat, I2d. 
f;ivir/.,, hne of, 2.‘t{{. 

Aitt iiisi> IIIhis ulril prohlcin for motiag the Ihirth, lo9. 

.Inns ih'scriht.il h\ ilie punets, pMiportiona) to the times, l,'i3. 

Astumnmt/, tin (;rf,at ailiiinia^es .irisinjt from it lioth in our itligious and civil con- 
(ciiis, I. Discoters the Lias hv whuh the jtlauets mote, and ate ntained m tlieir 
iiriiits, 2. 

At'n' pki>i\ihi iiiD'hcr the thinner, IJt. lu prodigious cxpanainn, i&rd. Its whole 
VI ^it on the Larch, 17'i. (TencroIIy thought to be ^easiest «lien it is lightest, 
17h. Without It the heavens would npjicar dork in the djy-tiiiie, 177* Is die 
cause nt tailighi, tbuL Ib. height, ibid, llcfiacts the Sun's lays, 178. Causes 
thi Sun lUid Moon to appear alxive the homun when they are really below it, UtuL 
I'og!;). decs It I's us in the bulk and distance of ohjis'ts, I (U. 

Athartinn, Idl-lO.'i. l)ucrr.isLs, as the square of die distance increases, 106. 
t'lTiaUr in tiu larger than in the smaller plaiietl l.'iO. Greater in die Sun, than 
in .ilhihc. pi iiiLts if put together, ibid. 

Auto/' tht finiuts, what, 19. Their cMcrcnt positions with respect to one an« 
other, 120. 

A ua nj the Earth, its parallidisni, 202. Its po&itioii variable as seen from the Sun 
or Moon, 338. Tlu phenomena thence ariMng, 340. 


R 

JSft/fff, on the Earth, lose of tlicir weight the nearer they arc to the equator, 117. 
How they miglit lose all their wei^t, 110. How dicy become visible, 167* 


C 


Calendar, how to inscribe the golden numbers right in it, fbr shewing the days of new 
moons, 3Kti. 

("anmH-baif, its swiftncM, 80. In wtiat times it would 6y from the Sun to the 
dt((en*iit plniiots utiil fixed stani, ibid, 

C'AHbixt, Ins .iccount of a double star ccRpied by the Mdon, 68. Hii diagrama of 
die p 4 idib id the planets, 136. 
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IKSSX. 


Caittlegite of the ecUpeei, S27* Of the coiuteUations and atan, ;tC2i Of renurk. 
aide «na and crenta, 39fi. 

Ceieatial gio6e impiovedf 401. 

Ctmiripetaf and centrifiiffal fartea^ how Uiey altcraalcly ovcRomc each other in the 
motions of die planMa, 102-154. 

Cf ><0, a new planet lately discovend* 07 * nate. 

i'kangn » tkt IleaveMt 306. , 

rVrrf«, of perpetual apparidon and ocenltadnn, 12B. Of the sphere, 106. Contain 
360 degrees, « hetlicr diey be great or amsU, 207. 

VivU IVar, what, 374. # 

I'oi UMIIUS, (CiiBiMTOPHEB) his Btoty ooneemiiw an celipkc, .TtO. 

< Vfirlrr and Watekea, an msy tnediud of knowing whether diey go true or faUe, 22.3. 
Why they aeldom agree with the Sun if they go true, 226 - 21 . 1 . Ilow ui reguLiL 
tliein by equation tables, and a meridian line, 32<»-226. 

Cloudy .Vfarsy 365. 

( oii«re|liifiiNU, ancient, tlicir number, 8611. The natuber of star* in ijili. aieonlirg 
to dilierent aotrononieni, 362. 

Cycle, solar, lunar, and Uonusli, 383. 


Jhtrknm at our Saviour's crudfiiion supernatural, 395. 

Hoy, natural and aitilicial, what, 36tt.—And A’lgki, ala.i)k equally long at ilu 
equator, I2ti. Natural, not conipleied in an alMolutc turn of the llartli on iii 
axis, 222. 

/Irgrre, a hat. 207 * 

what, 3.36. nidc. 

Hrmtim, numlicr of, 389. 

Dutawca of the jdaniinfnm tke Sun, an idea of them, 89. A table of ihcin. Oil. 
Ilow ftmnd, 199 ; and in die dissertation on die transit of Venus, Chaii. win 
VoL II. 

IHurnal and annual notiona of tie Earth iUmairatrd, 2(K), 202. 
yiomiurul iaMer, 390. 

DouUe projectile Jam, a balance to a Quadruple power of Craviljf, 153. 

Double Star covered by tlieJMuon, 58. 


K 

Earth, its bulk but a point as seen from the Sun, 3. Its diameter, annual iieruid, 
and distance from the Sun, 47* Turns round its axis, UtuL Velurity of lU 
ci|uatoreal parts, ibid. Velodty in its annual orbit, ibid. Inclination of its axis, 
49. I'mof of its being globular, or' nearly so, 49-311. 31cabureiiicnl ot its 
biuiace, 50. Dificience between its eqiiaiorcal luid ]iolar diainetcrs, 76. Itx mo. 
don round the Sun demonstratet'. by gnvily, 108, 111; by l>r. lirudky'solufei. 
vadons, 113; by the trU|iecs nf .nipiter’s satellites, 219. Its diurnal motion high, 
ly probable, from the altnuTdity that must follow upon supposing it not tivnioic, 
111-122, and deiiionstrable fruiii its figure, 116; this inoliun roiinot be fell, 119. 
Objections ggainst its motion answered, 112-121. It lias no such dung aii an 
upper or an under ude, 122. In what cose it might, 123. Tlic swiAnesA of its 
motion in its orbit amipared with the velocity of light, 197* Its diurnal and an¬ 
nual motions illustrated by an easy expezitnent, 200. Proved to be leas tliuii the 
Sun, and bigger thari the Moon, 315. 

EatUr Cp^, 388. 

EccentTuitp of the planets, l.'iO, note. 

EeUpier of .lupiter’s satellites, how the longitude is fbund by them, 212; they de. 
montatrale the velocity of light, 216. Of die Suo and Mooii, 312-359. IVhy 
they happen not in every month, 316. When they must liappen, 317. Tlmr 
Lmita, ihid. Their priM 320. A dixseptadon on their progiess, ihd. A large 
catdiiguc ot them, 327« llistoiual ones, 328. More of llio Stui tiiMi of the 
^oon, add why, ^1. * Tim proper demeuU fin ibcit cBkuIaUon and projection, 
JIXi. 



IlTDEZ. 


34S 

ITrU/trir, kigu, tbdr nunei and chmiacten, 01. Makea didbcnt an^ nrith the 
lionron rvciy hour and minute, 275 { how dicM angki may be estmwted by the 
p(«tion of the \foon*a hotnb, 260. Its obhi)iuty to tlie equator leu now *>»■" it 
waa funacrl), 366. 

/./(iiuraiMfl*, of the planets, as seen by an obsenrer at rest on the outnde of all thar 
orbits, 133. Of Mercury and Venus, as seen froin the £aith |42 • 

itsquantit}, 143. OfMerrury, Venus, the Earth, 3Iac^ and Jupiter; *»!*«■ 
quantities, as seen from Saturn, 147* 

'arioa o< time, 224-245. 

/.yuar«a, day ind night always equal there, 126. Makes always the same ao^ 
willi the hnriaon of the same pLiM; the echpur not, 274 , 275. 

r ywaortiA/ Pmiuh, in the hearem, their pitccbuon, 246; a very diffewnt d un g fnwn 
the reutsion or aimapation of the equinoxes on Earth, the one not occasioned by 
the other, 2t0. Eras or cpiahs, 396. 

HxunirmUtk of the pLuicte' orbits, 155. 


F 

/ uflant» in judging of the hulk of objects by tlicir apparent distance, 105; applied 
to ilu Lxplan Hum of tlu hun/ontal Muon, lOJ. 

Aift il/Mif/itfR, uhat, i!67> 

i Mtd Mfir*, wily lhL 7 apjaar of kss m'lgnitudc »hen vitwed through a Ulcscope than 
by tlu. but tyi, 351. 'I'luir number, 355. Thur division into diflercnt 
and ronbhllations, 356, 350. 


c; 

f.tNin/ Phnnmena of a supenor planet, as seen ftom an inferior, 149. 
fxiiierum StduHy a new planet lately discovered, 84, note. 

(.r/iiitutiAR, uniMitial, proved by the attraction ot mountains, and by the evepeti- 
iiiiiitsnt i ivuidi'ih, 103, nati. 

f.i/fi (/y, dLiiioiistribk, 101-104. Keeps all bodies on the Earth to its siirfacc, or 
irinK% ihi 111 bulk wtieii ihiown upaard; and consututes that weight, 101-122. 
Jttiuns ill tlu planets in tiuir ortiilb, 103. iJcercaMS as the square of tliedn- 
taiuc in(aas(.<>, 10b. Proves the Eartli’s annual mouon, 106. llLUionstrated to 
bo gnaler in tiic larger planets tliaii in the unBlIer ; and stronger ui the Sun rliM 
in all tilt planets togcihu, 158. liaid to understand what it is, IGQ. Acts evciy 
iiunnciit, 162. 
r.fttti I'uif, 2'»1. 


11 


i/firmoay of tlic eelcstial motions, 111. 

//<if iisr.i1/nfia, 273-2')3, None at tlic equator, 273. RcmarLablt at thcjiolar 
Iirelts, 26 . 1 . In what yean most and least advanbigeous, 202. 

//<«', ileennses is ihi' square of the diiitamc from the Sun inemascs, 160. Why 
nut oc tfist when the 1 nrtii is nearest Die Sun, 20.i. Why greater about t]in« 
o'eliHk 111 lilt afternoon, ilian alien (he hun is on the ineiulim, 300. 

//laiHff*, 'u.au to (urn round aidi diflercnt veloaticsoit seen from (lie difllrent 
planrbi; and on diflercnt axes as seen from mot4 of them, 120. Only one hcmis- 
phert of them seen at once from any one jdanet’a surftcc, 125. l*hc KunSccntie 
the only point from wbieli tlieir true mouons couM be seen, 135. Changes m 
them, 3li6. 

J/mtgoHy what, 125, note. 
llortMntal Moon explained, 187. 

J/orwuUaf Panilbu, of the Moon, 190; of (he Sun, 191; best observed at the 
equator, l*t3. 
ffour finite, wliat, 206. 

//our of Uiiic equal to 15 degrees of luotun, ibuL How divided by llie Jcirs, Clial< 
deans, and akiabuuis, 362. 



34il ivDXz. 

Huycxkb, hit UiougfatR nmceming the distance of some stars, 6. 


I 

iMdinatitm. of Venus’s axis, 29. Of the Karth’s, 40. Of the axis or orbit of a 
phnet only relmirc, 201. 

itAahitantt id the Corth, or any other planet, stoikl on opposite sides with tlicu ftet 
tuwonl one another, yet each thinks himself on the tipper side, 122. « 

IrTtgulariiKa of the plaastory system periodical, 109, note. * 


J 


Julian Period, 393. 

Jumo, a new planet lately discovered, 67, note. 

Jmfitery its distance, diameter, diurnal and annual revoludont, 67>69. The pheno- 
mena of its belts, 79. Has no dificience of seasons, 71* Has four 31iMins, 7J; 
their grand period, 79; the angles nhich tlair orbits sulttend, as seen from the 
Karth, 74. Most of them arc crhpsed in every rcvoliiuun, J.'t. The gicai dif¬ 
ference between his equatorial and polar diameters, 76. The inclination of liis 
orbit, and plate of his ascending node, 77. The Sun’s light 3(NM> tiiiira os stnmg 
on it as full moon light is on the 1‘larth, 6«*>. Is proliably iiihabiteti, UU. The 
amazing strength required to put it in motion, loB. The figures of the paths des« 
cribed its satellites, 269. 


L 

the inranecivable mnaUneis of its particles, Ififi; and the great miscfiief tlicy 
would do if they were larger, 166. Its surpnsing veloeiiy, UUi; compared aiili 
the swiftness of the Earth’s annual motion, 197. Decreases as tlie •npiare ut the 
distance from the lunumnu body increasen, 169. Js refrarted in passing tlirough 
diftorent mediums, 171-179. AfTnrdsa proof of dir l^arth’s annual motion, J97- 
219. In what time it comes from the Sun to tiic Earth, 216; tliis ex|ilained by 
a figure, 217* 

Umita of edipsea, 317* 

Line, of die nodes, what, 317 ; has a retrogtade motion, 319. Of suics ontTcliords, 
how to make, 369. 

JLonc*, (llev. Dr.) his method of oomparing the quantity of the surfiuc of dry land 
with tliat of the sea, 31. Hu glass sphere, 126. 

LongitaJe, how found, 297—219. 

l.oxr.oxAKTAN 11 , liis system of the world, 97} note. 

Lucid Spot» in the heavens, 364. 

Lunar Cycle defiaent, 36A. ' 


M 


Magellanir CUmda, 365. 

Afan, of a middle rise, how much pressed the wciglit of die atmosphere, 175; 
why this pressure is not felt, ibuL 

Marty its diameter, period, distance, and other phenomena, 04-07. 

Mattery its properdes, 99. 

Mean Anamalyy what, 239. * ' 

Mercuryy in diameter, period, distance, &e. 22. Appears in all the shapes of the 
Moon, 29. When it will be seen on the Sun, 24, and note. The inclination of 
its orbit, and place of its ascending node, Qnd. Idi path delineated, 130. Ex¬ 
periment to shew its phases, and apparent morion, 142. 

Mercury (quickadver) in the barometer, why not aflbeted by tiic ^loon’s raising tides 
in the air, 311. 

Meridian* first, 207. Une, hov to draw one, 220. 

Milky Wayy what, 363. 



IXSfiZ* 


347 


Mnniht, Jewuh, Arahiin, Gredan, 37H. 

iT/>ioB, her diuiutcr and period, 52. Her phaaea, 63-2A3. Shinea not by her own 
light, ,'>4. Ha<* no diffmence of seaMita, M, The 1 juth ia a moon to her, 66. 
]ia^ a twilight, and coniie({uenlly an atmoxphcrc, nrrording to Schroeter, 61t,«(ote, 
2 iri, nnte. The dark parta of!»»’ aurface not aeas, t'dl, note. Uai no atmosphere 
of any Msible density, 68; nor seas, 69. liow her inhabitants may be supposed 
to measure their year, 62. Her light compared with dayhght, 116. The ccientridty 
of her orbit, 9H. Is nearer dir Earth now than she was formerly, 163. Appears 
■^^Ingger on t^ horizon than at any considerable height aliovc it, and why, 187 * 
yetsis seen much under the same angle in bmli cases, 188. Her surface nioitn> 
laiDOus, 2>'i2 ; i< snioodi, shi^eould give us no light, ibid. Height of some of the 
hitiar iiiflunlains, 262, wnte. Why no hills appear round her edge, 363. Hal 
no twilight, 264. Appears not always quite round when full, 268. Her phases 
agrcTSbiy re|krc‘sented by a globular stone viewed in sunshine when she is above the 
hoTi/Mi, and tlic observer pbiecd as if he saw her on the top of the stone, 238. 
Turns round her avis, 282. 'J'he length of her sedar and sydereal day, UmL Her 
licriodica) and synodical nvcdiitioit represented by the motions of the hour and mi¬ 
nute liands of a watrh, 284. Her path delineated, and shewn to be always concave 
to the Nun, 286.280, .Her motion alteiwatdy retarded and ncrclcrated, 287. 
Her gravity towards the Nun greater than towards the i.urtli at her ninjunodou, 
iind why slie dors not then abandon tlie Earth on that account, 288. lli(>es nearer 
tlic time of sun.set when about tlie full in the harvest for a whole week, riian 
wlun she IS about tlie full at any otlicr time of the year, and why, 373-384; this 
risint' goes through a courbC of increasing and deeicasing benefit to the farmers 
eicry 18 years, 2!>2. Ctmtinucs aboie the horizon of the nolos for 14 of our na- 
tuiaJ Jays logrUier, 283. I'roVed to be globular, 314 ; and to be less tlian the 
i'Mirth, 316. 1 lir niHlcs, 317; asevnding and descending, 318; their retrogiade 
iiionon, 318. Her .uTcitTution proitd limm iiocient eclipses, 323, note. Her 
apogte and {lengce, 33(>. Nut iniisiMc when she is totally edipsod, and whv, 
348, and nn/t. How to calculate her conjunebODs, oppontioiu, and eclipses, 363. 

Afertitnff and JCvtntti/' Staff wliat, 146. 

Mnunn. naturally rrctiltnoal, 180. Apparent, of the planets as seen by a spectator 
nt n St on the outside of all their orbits, 133; and of the heavens as seen from any 
planrt, 161. 

Mountains, attraction of, 103, note. 


N 

A'atural Dajff not completed in the time that the I'airth turns round its axis, 322. 
A’«« and FuU .Vucmi, to ralciilate the times of, 363. 

A'<w Sian, :Hi8; cannot be comets, 387, 
iViv >vy<. Its original, 377> 

AW<s of the planets, orbits, their places in the ecliptic, 20. Of tlic Moon’s Mbit, 
.317; their retrograde motion, 310. 

A'onaf'ttimal Hegrte, what, 260. 

A’^aniier of JUrectum, 380. 


O 

Olifren, we often mistake their bulk by mistaking ilieix distance, 186. Appea^big- 
giT when seen through a fog than througli dear air, and why, ibidf tlusappluidto 
tlic esplanation of the horisontal Moon, 187. 

Oblique Spbere, what, 131. 

Ol^piadii, what, 323, note. 

Orbito of the planets not solid, 21. 


f’alfars, a new planet lately diseovoeed, 67, mte. 
FaraUaXf |pruontal, what, 100. 
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IVDKX* 


Pontlcl Spkert, vlut, Ifll. 

Paik of tltc Muon, 2(SA-2G7. Of Jttpiter*s Mooodf 2G!I. 

PenttratUg power of tdeHcopce, IJG, Herr. 

Peudulumt, their vibrating ulowcr at die equator Uian near the polce, proves Uiat die 
Kaitli turns on itv axiv, 117* 

Pcmmmhra^ wliat, Itv vclocitj on ihe Earth in solar eclipses, 337. 

Ptriod ttf ErUptM^ 32t)^2G. 

Pkatt* the jl/iwa, 2tVh 

much uT the same nature with the Earth, 11. Some have moons belongh ^ 
to them, 12. Move all the same way ns seen ftom die Sun, but not as see.t from 
one another, 1& 'riieir moons denote them to Ip: inhabited, ltd. Thr |»in]ioi- 
tional breadth of the Sun’s disc, as seen from each of dwmi, H7. I’heir pro|iur> 
tional bulks as seen from the Son, it(L An idea of thdr tlistances from the Sun, 
KK Appear bifqtn and kss by turns, and why, JH». Wow to distingubh tlivnt 
by thdr coloor, *Aid. woTe. Arc kept in di«r orbits by the power of gravitv, Ibl, 
l.'iO-.ld(f. Tluar mouons very irregular, as M-en from the Eardi, 137. The uii. 
poieiit inudons of ikiercury and Venus delineated by pencils in an orrery, l.’tth 
Elongations of all the lest, as wen from Saturn, 1 ‘(7- HescrHic rqu.d areas in 
npul timn, 133. Tlie eceentneitw of thetr orbits, In what times they 

woild fall to die Sun by t|ie power of gravity, l.'i?. Disturb one another’s mo. 
Ikais, die eonsci|uence tliereuf, 1G3. Apjiear dimmer whm seen dttough teles, 
copes tliait by the bare eye, the reason of this, 170 . 

Ptinr C’trehs. !»«. 

iVes, of die planets, what, 10. Of the world, what, 122. Celestial, saw to keep 
in ^e same points of the heavoit all the year, and why, 106. 

Projectile Furre, 130; if doubled, would require a quadruple ]iower of graiiiy to 
retain the planets in their orhits, 153. Is evidently on impulw from die hand of 
die Almighty, 161. 

PnetatiM of tkt Eqoinajott, Si6...251. 

P to Um m u system absurd, 96-140. 


E 

Raya qf higkt^ when not disturbed, move in btraighi lines, and hinder nut one an. 
other's motions, 166. Are refmrted in passing througli diflcrcnt iiirdiums, 171 • 

Rt^eetim the .'IrtampAirc, causes the twdight, 177 . 

H^raetiom of tke Muumpkirc bends tiie rays of Iiglit from straight lines, and keeps 
the Sun and Moon longer in sight dian duy would odierwi.se be, 176. A siir. 
priang in><tance of this, 183. Must be allowed for iq taking the altitudes of the 
eekbti^ bodies, ibid. 

Rttina, 167, note. 

Bigkt Syiere, 131. 


S 

Sutettitea^ the times of their revolutions round their prirnaty planets, 52, 76, 60. 
Their orbits compared with i.ieh odier, with the orbits of tlu; {nrimary plantts, 
and with the Sun’s circuniA reare, 271< What uiri of eiirves they dencrtlte, 272. 

SntvrHf with lus ring and moons, their phrinmicna, 76, 70, 82. 'I'bc Sun’s light 
liMM) times as strong to Saturn as the’liglit of die lull Moon is to us, 65. The 
pheiiouHma of liM ring iarther ex]daint<d, 204. 

Our Uoaaed SavioI’u, the darkness at bis crueitkion supcmatunl, 352. The pro* 
plictk year of his crucifision found to agree with an astronomical c alc u l at i on, 395. 
different, illustrated by au easy cxperimciit, 200 ; by a figure, 202. 

Skaduaa^ what, 312. 

Sydtnal Tlmcy what, 221; the number of syilcreal days in a year ezeoeds thanum* 
ber of solar days by one, and why, 222. An easy method fbr regulating clocks 
and watches by it, 223. ’ 

SsiifH, (Bcv. Dr.) bis eomparifion between iiioon.Hglit and daydig^it, 65. lli* • 
dcnMiMtratkm that li|^t dccteaact as the Miuazc of tbo distance from die luniiuoas 
|wdy incrcBSca, }69. 



IXOKX. 349 

SviTH, (Afr. CinORnc), his dissertaticin on the progress of s solar eclipse; fidiow- 
ing the lableH .it :t‘JO. 

Saiar Aftieimnur, tlie judgment he might be supposed to make coneeming the pla- 
ncU ami si irs, LU<j> ' 

Spkitet ]Mridli'l, (iblioiie, and right, 131. Its circles, 198. 

Sfifingtaui .Vtap TVffts, 30'.!. 

.Vtars, tlieir tost dhUincc from the Ikiitli, 3, l!tO. rrab.ib}f not r.Il .it the same 
drnanre, 4. S'unc b; their own light, and are therefore suns, 7 i proLtulv to 
other worlds# 8. That the stars are not illuminated by our Nun pn»ire<l by the 
dilTlrcncc between tlicir liglit and that of die planet. 111, note. ' A proof ih.it they 
do not move round the I'llartlb Md. Have an apparent slow motion round die 
poles of the eelijitic, and why, 231. A catalogue of them, 362. Cloiuly, 363. 
New, lUMI, Some of them change their places, 367. 

.SVnrry Utaniu have the same appearance firom any part of the solar system, 133. 

jSi’Si, nppean bigget than the sta^ and triiy, 4. Turns round his axis, )ti. llis 
projMirtional breoiltli as seen from the different planets, 87> Desenhes unequal 
.ires almvc and below tile horloon at (bfivrent times, and why, 130. llis centre 
the only place fnmi wliieh the true motions ot' the planets could tie sciii, 13.3. 
Is for half a year toitcduT visible al each pole in its turn, and os loiip invisible, 
20(1, 291. Is nearer the Karth in winter than in summer, 20.'i. Why his inn. 
non .sgrccs so seldom witii the motion of a well-regulated rluck, 22f-2f.3. Would 
more than fill the hloon's ortnt, 271. Sun, proved to be uiudi bigger tluin tlie 
r.irth, and die I'larth to be bigger dian the Zlloon, 313. 

.Veskmi, the Solar, 17-df5 ; (he Ptolciiican, 96; the Tychonic, 97; die sirstem of 
laingotiMntanus, 97> not*. 


TahU. of the ]icriods, revolutions, m^itudes, distances, &c. of the planets, faring 
tf !!!). (>f the air’s r.snty, compression, and expansion, at diReient heights, 174. 
Of refroruons, 182. Tor rnnvertirg time into motion, and the reverse, 2JO. 
1'or slieHing how much of the (vlrsiul equator passes over the meridian in any 
p.irt of .1 mean solar day; and how much the stars accelerate upon die mean solar 
time for a month, 2JI. Of die first part of the equation of time, 229; of the 
seitind ]uirt, 241. Of die precession of equinoxes, 247. Of the Icngdi of sy. 
diieal, Julian, and tinpical years, 231. Of die .Sim's place and anomaly; of 
the equation of natural days ; ot die equation of time>-foUuwing 2.'>1. Of tlie 
ronjiincliuna of the hour and minute hand of a watch, 264. Of the tunes dc- 
acrilasl by the satellites, 272. Of the diflbrence of time in the Uloon's rising and 
setting on die parallel of 1 .ondon every day during her course round die cdiptic, 
277. Of the returns of a solar eclipse, 320. Of ecKpscs, 327. For calculating 
new and full moons and eclipses ftdluwing, 333. Of the constellations wid num. 
ber of the stars, 362. Of the Jewish, FIgyptian, Arabic, and Grcdan months, 
. 379 . For inserting the golden numbers right in die calendar, 386. Of the 
times of aO the new moons for 76 years, 3ft7* Of remarkable eras or events, 
396. Of the golden numbir, iiumber of direction, doininioal letter, and days of 
tlic months, following 396. 

Tiiai.es's eclipse, 323. 

'J'iit'CYliini:s*s cdqise, 324. 

Tidta% their cause and phenomena, 293*311. Reason why dicre arc none in lakes 
and small seas, 319, nofe. A&ial, probability of, 311, nert. 

TVi^'r*, 198. 

yVeifigAr, none in the Moon, 234k 

7>eAoiiic ;l>tteai alwnrd, 97< 


U 

w 

{r«wem, the work of Almighty Fowar, 6, 161. 

Vf and doten, only relative terms, 122. 

Vpper or under side nf tAe lidrtA, no Sttdt (king, 123k 
VrtauM, Sge Georgim Sidut. 



m 


nrsjEx. 


V 

« t 

rr&Kf/jr, prajrctilr, orremry to miikr tlie planets describe agi tffpeia, « panbols, 
and a lijprrhola, IAS, aofr. ^ 

febrity lAt^ rmnpared with the velointy of the Earth in its annual orbit, J97. 
Fea»«, hn bulk, distance, {lenod, lenj^i of iUt« and night*!, SO Miinrs not by 
her own light, lAid. 'iSnies of her diurnal motion accordii j; uniWini. lliar 
chini, and Kchrorter, liuL note. Is our morning and t \v img ktar, 2tl. Ili-r twi> 
li|^it diMOveied by Sdirucier, SA, boTi. lIisraYi, how Miiuted, JSl. llti sui** 
prising phenomena, 2il-4:t. The inclination of her orbit, dA. Wluii ilie will lie 
seen on the Sun, tbid. How it may probably Iw soon known if dn. lias a satellite, 
40. Her aatellito, an optical deception, 4(1, note. Unat altitude of her inouii* 
tame, itid. nou. Appears m all the sitapes of the Moon, 2j|, 141, sVn e\{H.ri* 
ment to shew her phases and apparent motion, 141, 

FestOt a new phmvt lately discovered, 07, note. 

Fsstwi, hew cauaeJ, 107* 


W 

ITs^ijkr, mu hottest when the Sun is nearat to ua, and why, 20& 

ITr^dt, the cause of it, 122. «n'*" 

ITeiw, not eternal, lb'4. 

y 

I’eiir, 37O; great, 251; tropical, 371; stdeml, 372; lunar, 373; cisil, .'I7I 
bisseatde, Aid.; Uuman, 370 t ilcwuh, l^ypiun, Arabic, atidCiniuii, 37A, 
370; ho* long it would be if the Sun moved round the Earth, 111. 




ZBJiar^ what, 300. How dttuled bj tlie anewnta, 3C1. 
Eases, wliat, 190. 
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